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WATER-BASED AIRCRAFT

AN ANALYSIS OF THEIR POTENTIAL

ATTACK MISSIONS
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THE GLENN L. MARTIN COMPANY
BALTIMORE, MARYLAND

FOREWORD

This ir the third in a ser’'as ul three reports prepared for
the Office of Haval Research v:d:r Contract Nonr-1248(00). It

presents a detailed analysis of .. Lack missions.
The two preceding reports aave included a suacxe . =€ the

results of The Glenn L. Martir " mpany's first year of study of
the potential of water-based ai- -raft and an analysis of transport

nissions:

ER 6600 water-Based Aiicraft - An Analysis of Tueir
Potential - Summenry Report

ER 660). Water-Based Alreraft - An Anaiysis ol Their

Potential - Transy -t Missions
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SUMMAKY

In attack aircraft missions, as well as transport missions,
the water basing of ajrcraft provides tre flexibility and amobility
necessary for modern warfare. This conclusion was reached in a
study by The Glenmn L. Martin Company for the Office of Raval
Regearch on the potential of water-barcl airceaft [ » the 1955-

1960 design period.

Water basing the at.tack aircraft dres wot impede high per-
formence. The prime importance of successful operation a% the
I target, against the severest enemy opposition, calls for water-
based aircraft with performance in the air ~qual tc land-based
aircraft. This can be achieved by equippiig the aircraft with
l non-buoyant hydroskis.
A typical land-based attack aircraft cau be water-based, with-
' out any change in aerodynamic performan~e or weight, by using
retractarle ckis. Though the weight is the same, the space required
to stow the retrected skis is less than that rejuired for retrscted
vheels., This additional space can he used to advantage by enlar . i
I the Lomb bay, However, the advantage cf the larger bomb bay bas not
been considerved here; it is beyond the scope o this study.

An examination of thc technijues required for the operation
of non-buoyant hydroski aircreft includes ground hand'ing, servicing,
grouad-run acceleration, and water run for take-off and larding.
Current exper.ence on smaller aircraft indicates thas satisfactory
hydroskd operaticn is feasidble. Development work should be continued.

Compared to vheeled sircraft operation, the ski-equipped attack
airerafe systenm:

1) Reguires less preparation of the ‘ase arva;

2) Csn use a wider variety c¢f landing surfaces and servicing
lacilitics; and

3, Heas improved blind landing juslities.

An ipvestigation of the targets and the range requiremens of
th. attack aircrait showed the aecessity for maximum bage mod lity
and protection against cnemy attack. An analysis of dispereisn problems
and the relative vulnerabilitie. to amttack gave a decided advantage tc
the water-based system. Requivemcats for base mobility with minimum
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logistic support in terms of material cost, and time (80 vital to
the modern concepts of mobile wu-rms vwere best fulfilied by the
vater-based aircraft. This vas determined from several types of
baging systems, ranging from semi-permanent to small airheads. It
vas found that:

1) The establishment of a water base requires one-half
to one-fourth of the logistic tonnege and a much shorter
time than the cstablighmert of a land base; and

2) 'mecostsxn-npoveranddonusmeomspmdingu
lover for the water base, especially vhere frequent moves
and small air groups are involved.

The great mobility of the vater-hesed attack systea, coupled
with the wide availability of suitable vater bodiss, gives it greater
flexibility than the land-besed attack system.
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1. INTRODUCTION

Recent great advances in the design of water-based aircraft
have brought a reawakened interest in the possitilitics of per-
forming ~dlitary operations from the widely available water bodies
of the world, rather thap from Tixed and vulnerable lsand bases.

In order to obtain a valid appraisal of the poteatial of water-
baged aircraft, The Glenn L. Martin Company, under contract to the
Office of Havel Research, has been conduvcting a compsrative svelustion
of water-based and land-besed aircreft performing military missioms.
Tha results of the firit year's study are summarived in Ref. 1.

In this study, it wvas determined that four basic types would
provide an over-all picture of military aircrait, These typ=s are
Transport, Minelayer-Bomber, Attack, and Interceptor. For Attack
and Transport, the studies were carried out in sufficient detail
to werrant separate reports. This report is an analysis of the attack
ajrrraft. The trangport aircraft is preesented in detail in Ref,. 2.

Attack sircraft have medium paylosd and reange, vercatility, and

are designed to face relatively strong eunemy opposition. This type

of aircraft performs such missions as attack, fighter-boaber, intrider,
tactical bomber, and photo recomraissance. Each of these aisaions has
slightiy different requirements, viiich sre discussed in this report to
the degreec necessary for determining comperative aircraft desigas.

The missions are then investigated for bage costs and material require-

ments.

To give an accurate evalusiion of water- and land-based sitack
aircraft potentials, the study vas limited to the time zpan Jor
designs begun in *he 195%-196C period. Thus, it is possidle to
project the present design trends into this period. The filelds of
development important to the study, which have been sc projected,
ar¢ hydrodynamics, serodynsmics, propulsion, and arsmment.

HAydrodyrcamic developments in hull forms and in dynamic lifting
surfaces have been revieved in Ref. 1. The developments in Lifting
surfaces are of great imgortance for attack aireraft. Through the
use of non-buoyant hydrosrls, these aircraft can b~ sater-based vith

no aercdynamic penalty.

Neither non-buoyant ror buoysnt hydroskis are designed to
support the airplane in the water belov min‘mum planing speeds.




CONFIDENTIAL
MODEL THE GLENN L. MARTIN COMPANY
ER. NO.6602 BALTIMORE, MARYLAND
PAGE 2
ot
ot
u#-»« - -4 +
—J»—-
3. 1.0 T. ) 18 .
MACKH NUYMBER

Fige 1. Frojected Lifi/Drag Ranos, 1955 s 1960

CONRDENTIAL

&




e, d

A "buoyant"” hydroski aircraft is cae “kat can tak: ¢, [ om o floating
position on the water. "Non->2uoyant' Byboski ajr:iir ; we .ot do-
signed to take off from a floiting pesitionm nor te:. 3 2 ariece et
low aspeed. They shruld termiidte a f1ight by sliia 2 -2t 3 salid
suwwface, Thce aerodynamic penaity thet sesults - ¢ <3¢ tag & hydro-
ski aircraft to be buoyant mas be rrohibitive, M- ¢ . o .bDuoyant
hydroski aircraft can be desipred to 106t {n ex. @ ;). « vithat iz~
curring any serodynamic pemali.es. Twould the . i bave an ergiue
failure vhile planing, it wouls drop ¢ the c.r” : of the wvader and
float, although it would not ¢f course, eve °  qble *n rise froa
thie position under its own prvwur,

Aercdynamic form developmnt: {a the ¢  comert A 30apes andG in
the reduction of fromtal arsa, %y;ickl of ° igh per.ormavce alps . refs,
have recently been spurred by the Ilutrodis o o ares-rule Jd:sigr eca-
capts, Refs. 3, &, and 5. Th: ugroved o>  smasen 10 the tigh eubimate
add supersonic speeds is reflacted Zu th. - iwated curw . Yift,arag
ratioc versus speed, given in 3. i. 1 . exa of the iy, It 3
ectimated that lift/4reg ratiise amw aso0c1s! A with 10w sjcid circrafs
will be obtaineble 66 apeeds ip tc Mack C.- Rwem at superscnic spevd.
the dreg peoalty is not prohin itve,

™he development of doumlar layer cortrol syrlsue ..'4L have @

substontial bearing vpon the dv:lgs of elrcralt 13 -Be 1955-1960 peridd.
There are thres systems: Contsl 2 the circulation co the wiug (oc
lifting surface); the reductim of @rag by Niceddng olf the Soaumdry
laysr; and gust allaviation b; tootwrol ed wing circulsfion. I7 thes~
thres types, 1t 1s aaticipateld thas circuiation comtrel «id guat
alleviation vill be teckaical y faeatlly for (or ol in \ls perixd.

Propussion devwelopment: v~ been, 12 & lirg: waswe, the by
to the alvance in speed of aueraft. 0 taoe kxee =uw o power puaits
in which significait dovelopmmt: ot i« exprcied (e twrhoset, e
twrhoprop, and the rem jet) the UoM:! oy 2y sppuars %0 asve the
grentest gpplication to high .ut.mnac end Lov papersanic ef:crart.
Since the developmsnt time on tar turtujets i lrog, 1t 24 poauide W
make fairly reliable esvimaten 01 the tread in thruel evaliable veraud
tims through the 1955-1960 period. Tigure 2 showe the projected turdo-
Jet pover trend for this ers.

The over-all effect of pajt Lt ends m the parformance of cttalk
ajrcraft is showm in Fig. 3 vhich iodicaisr a sueedy iuorese AR Lotk
spred ard gross weight vith the prsege of tha yeary. HNowever. only
th speed curve has been projrcsisn! s tag thr seow coarss for e tuse
period uwnder study. Developmets *a the [{ell o] atchic veapos lus
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acrodynamic improvemcnts are expected to continue to increase the
punch and speed of the attack aircraft without further increase in
the aircraft wveight. Thus, the trend of gross weight in Fig. 3

has not been extended along its course, but is projected ou a level
line for the lighter aircraft and on a decwmward trend for the heavier
aircraft.

It is the purposc of this report to present the design require-
ments of attack aircraft compatible with thege trends and then tc
show the relative merits of water- and land-b&sed systems Irom
militexry and economic viewpoints.
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II, MISSION REQUiREMERTS

The me jor requiremeants for attack missions mey be broadly
divided into:

1) Performance in the air; and
2) Operation of the basing systes.

Successful operation at the target sgmrinst the severest eremy
opposition is the primary comsideration in the design of atteck
aircraft. Consequently, the aerodynamic performance of the water-
based aircraft must be equal or tuperior to & comparsble lznd-based
aircraft. Consideration of typical targets and the limited range

of attack aircrait shows the pecessity for msximuss base mobility and
protection from enemy attack.

A. PERTORMANCE

A egerics of typical profiles for several of ihe attack mis-
sions is plotted in Fig. 4. As indicated by tke trepde shown fo
Figs. 1 and 3, supersonic spesd is impertant at the target and,
in soue cases, for a Yarge portion cf the mission. HRigh speed may
he required for cvasion and eacape from enemy aircraft, avoidance of :

detection, equality in air cowmtat, amd even to escape the blast from
nuclear veapons.

The moderate range of atteck aircraft {8 e constant limita-
ticn to the misgion. Attainment of a reasonabls range 18 an {mpor-
tant feature vhich cannot be sacrificed to the wse of trute strength
for obtaining nhigh speed.

The importance attached to speed and range in these miesicns
does not lend itselr to quantitative evaluation. The best is none
tov good! Therefore, it wvas accepted that, to bc campetlicive, Lhe

wvater-btased design must be equal to tae land-based design in the
air.

B'

TARGETS

Attuck atrcraft targets, illustrated :n Fig. 5, inclwie ships
at sea, tridges, rail yards, truck:s, troop roncentrations, fuel '
dusps, other airrraft, and airfields. Two outatanding Ceatures
may (e geen: the close aszsociation o! the targets .~ jameliate
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action or fronts and the mobility cof many of the targets. Unlike
strategic missions vhere targets are selected and bhombings planrned
in advance, the attack mission is directed at transitory situations
vhere timing is of great importance. Thus, with only short advance
notice, the aircraft must be brought to bear rapidly and effective-

ly on the targets.
Because of the lizited range and the necessity for minimum de-

lay in striking, the attack planc must be ready anywhere sround the
perimeter of the enesty; as & corollary, its base is vulnerable to

the enexy.

C. BASE MOBILITY

The most obvious conclusion from comsideration of the mission
Profiles and areas of action is that the »ase must be motile. This,

in fact, is well recognized. The guccess of thc aircraft carrier

in performing this Job during Horld War II and during the Xorean

Var is a matter of histary. The tactical necessity of short lag

time and close contact with the enemy is demonstrated by the curreont
perimeter defenses in Burope and other aviiiable areas surrvuniing Linx
Eurasian land mass Current sapecifications for several attack missions
include definite requirements for the mobility of the basing system

(e.g., Fighter-Bomber Specifications, Rei. 6,.

The huge perizoter of the Burasian land mass and the possitility
of widely aseparated hot spots make a complete ring of "ixed bases de-
sirabtle but geographically, politically, and cconomicelly impossitle.
In additiun, the great depth of Jefense inherent 1a the land wass of
Asis vould make a perimeter serics of fixed tases ineffectual if the

area of conflict moved very far inland.

This requiremert for hase mobility becowrs even more important
vhen we consider the potential of 'mler-based transports. Their
sbility to penetrate deeply into ~nemy territory (as analyzed in Ref.
2) will require that tactical air support be able to move-in rapidly
and te supported in the sam: area. Here, the tase must be rol only
motile tut alr transporiable as vell.

Five *vpes of bases wili be considerci {n thie analysis:

Semi-permanent - tascs designed to te useld Tor several
years;

Tegporary - Short -lived bAB®s troncportalle ty truck;

Alrhead ar! Small Afrhead - short-livel 'aascs trans-
portatic ly atrplane; anid
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Alrcraft Carrier.

Each type of base maintains 90 attack aircraft with the excep-
tion of the Small Airhead base which maintains 30 attack air-
craft.

D DISPERSION

The second conclusion drawn from the mission study is that
these mobile bases must be successfully defended sgainst enemy
attack. The threat to a tase, whether it is on land or water,
must be met by minimm investment in the area, dispersion of air-
craft and service areas, concealment, strong dcfenses, or ty
other means; nonetheless, it must be met. An even greater neces-
sity for dispersion must be considered in the future because of
the area damage pcssible with atomic weapons.
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111. COMPARISON OF AIRCRAFT DESIGNS

The requirement for identical flight porformance of water-
based and land-based aircraft is met by water-basing on ncn-buoyant
hydroskis. With gear reiracted, the water- and land-based con-
figuratinnes will appear almost identical.

& current proposed fighter-bomber design was selected as
typical for the group of missions. This was used as a basis of
conparison for structural studies. Little difference in weight
wag noted, but the water-based version required less volume for
its ski landing gear than the land-based version required for its
vheel 1landing gear.

A. LANDING GEAR

Statictical studies of hull, fuselage, and landing gear
weights (Ref. 1) have shown that above 100,000 pounds gross, the
hul! form seaplane has a weight advantage over tle comparable
landiplane fusclage and lapding gear. Also, developments in hull
configurations and the advent of jet pwer have combined tc yield
hull-form seaplanes of competitive aerodyaamic performance In
the atlack category, the lower gross weight (20,000 - 60,000 pcunds)
and the cmphasis on high-density design make a hull=-type contigur-
ation inappropriste.

High density design for attack aircrait leads dircctiy to the
use of non-buoyant hydrcskis. The gross weight divided by total
aircrafi volume for many projected designs yields a density of 30
to 4D pounds per cubic foot. It is obviously diffifcult to obtein
a satisfactory water based counflguration vith more than one-hal?
of" the Lody unier water wnile in the stutic buoyant condition. The
development of non-bucyant skis, such as Lhose of AMC-Edo and Al
Arerican Emgincering (Refs. 1 and 7 through 10) has contributed to
the solution of this problem. Altnough for safzty th. aircratrt wiil
flout bty virtue of itec fuel tanks and cabin design, the ski configurue
tion is not designed for take-off from a Tloating position. When
not moving, the aircruii must be supparted by outeiile means {(the
shore, flontine ramps, or mats), but the take-off ani laniing runs
are made on the water,

-ie emmeo oS GG (SR RN B SR M AR A SN

The weight and volume of hydroskis compared to wheels has
been summarizod in the ©rst report of this series (Rec. 1), The
recults are shown an Flg. 6. These data were corpiled from a
number ¢of sourses.  The charactericstics ¢f each sk snatallation,
alone with the weight and velume, are tsbulates in Appendix A
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There ig & significant reduction in the volume required for
tre ski instaliation compered to that for vheels in the attack
aircraft weight range., Tuis space could be uged to increase the
&rmement load of the aircraft. However, the quantitative evalu-
ation of the resulting increesed missioc effectiveness for wvater
tasing is beyend the gcope of this initial study. Thus, the two
configurations are assused to bz identicsl in the air.

B. SELECTION OF CONFICURATION FOR COMPARISON

Attack aircraft des ¢ra for the 1955-1960 pcriod are currently
under investigstion at The Glenn I. Martir. Company. Ove of these,
a supersonic fighter-bomber with internal bomd bay, is being studied
under an Air FPorce Contract. The gross weight is 30,000 pounds for
a basic 600 nautical-mile higt-altitude mission. The wing is de-
signed to take maximum advantage of leadisg edge suction, and the
fuselage hae beer indented and arrmnged t. give the over-all config-
uration an exceptionally gosd area-r.le curve. DBecause of the de.
sign, it vas believed that this aircraft wo:ld be typical of those
developed in the 1955-1960 period and therefore would be applicable
for use in the asrodynsmic, structural, and economic evaluation.

A summsary of the charucteristics and capadilitizs of this airplane
are presented as a supplement td this report (see Pigs. 7-il1).

The design study of the tri-ski gear is more fully diacussed in
Appendix B. All planing surfaces vere made retractable {rlush vith
the body and winge), thereby retairing the seme external shepe as
the land-baged version. A weight analysis and comparison revealed that
the ski-based version wes o few pourds iighter. Thua, since both
veight and external appearance vere approximately the ssme, ro 4if.
ference in serodynamic characteristics or performance would be ex-
pected between the land- and wvaier-besed versions.

A wveight comparison sumsary of the two versions is gshow: =
Table 1. Structural considerations and detailed weight determine-
tions for both types of aircraft are given in Appendix B.

The wvater-based configuration is shown with gcar extended in
Fig. 12.
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IV. ANALYSIS OF LANDING AND TAKE-OFF OPERATIONS

The selection ol' the non-buoyant configuration with skis for
the attack missicn introduces nev problems in aircraft handling on
the surface. The techniques for ground handling, serviciag, accel-
eration runs on the hardetand, taxiing, and take-off and landing

are discussed in this chapter. On the basis of current experience
with similar types of aircraft and their models, these techniques ,
seem feasible (Refs. 1 and T-10).

In this chapter, the requirements for water-, land-, and
carrier-besed attack alircraft are compered on the basis of facili- y
ties, ease and safcty of operation, and provisions for landing and

take-off. These requirements are then used in the following chapter

for the evaluation of the water-based system.

A. OPERATION OF WATER-BASED ATTACK AIRCRAFT

1. Handlill and Servicing

A considerable amount of ground handling is recessary ir the
operation of any aircreft. They have to move or pe moved from one
point to another for maintenance, spotting for take-off, and for
parking. Ground movements xust be accomplished rapidly and with
ease 50 that maximum launch and landing rates may be realized and
maintenance and servicing activities expedited. Normal ground hand-
ling should te accomplished without gtarting up the Jet engine.

For the very small aircraft on skis, this has been sccompl {ahed
Ly incorporating wheels for taxfiing on hard surfaces. Wheel-ski com-
binations have been used succeesfully for lanlinga on water, land,
snow, and various comtinstion conditions of water, slush and land

(see Ref. 11). In the larger aircraft, such s the attack, the in-
corporation of wheels for taxiing on hard ground will be a serious
veight and volume pena’ty.

On soft or elippery surfaces, skis have proved suitatle, In
general, the experimental aircraft have furnisled thelr owm power
for taxiing or positioning on the shore, sometincs with a little
manual assistance. The Baroudeur aircraft (Re?. 12) i{s easily
handled on a dolly wvheie It efther mmneuvers under its own power

or is toved by a jeep. Onrdinarily the Baroudeur takes off or the
Jolly, but it has teen successfully cperated witr skice o mud, dry
grass, beaches, ani atony groundi. After overcoming initial frictionm,
the skids offer little resistance on dry grass. Even paved rcads

and runvays were used after greasing. Extensible claws were mounted
on the skids for steering.
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For ground handling on most surfaces, the normal truck and
towing equipment associated with air support vould be able to
slide an aircraft on its skis and move it from landing position
to servicing area or take-off position. However, a much smoother
operation could be obtained with handling equipment designed for
use with ski aircraft, like the self-propelled dolly system illus-
trated in Fig. 13. Bodily lifting the aircraft clear of the ground,
the carrier can transport it to sny desired arca with 1 miniwum
of time and effort.

Operations of the water-based atteck airplane from a shore
area can be conducted with the same types of servicing faciiities
and maintenance personnel used with land-based aircraft. However,
the accessibility of the wuter area provides the means for opera-
tion of the ski plane in unprepared areas wvhere land transportation
may be restricted cr entirely ‘acking. In this case, personne}
and supplies could be transported by boat, and fueling would be
accamplished through an undervater distribution systea similar to
that shown in Fig. 1k.

2. Ground Run

The design analysis and the take-off performsnce of the water-
based attack aircraft with skis are given in Appendix B.

To allow & rapid acceleration to minimum planing speed, the
ground run must not offer cx:cssive resistance. For the thrust-
to-weight ratio of 0.5 for this design, a friction coefficient of
0.2 or lese .z desirable (see Appendix B, Sections A and B). Al-
thoughi many natural beaches of dirt, gravel, clay., and mud offer
the desired low friction, it will be cssuse® for this study rhat
all weathers operation requires a prepared sirip for the ground por-
tion of tRe tale-aff run. A prepared stvip may also te required to
minimize the effects of the jet blast.

This prepared strip may cousist cf piercedi-steel planking,
tut this would probably require a lov friction non-metallic ski
bottom. A simpler snd possibly better surface for a vater-edge
lwaiiun is 8 heavy wood planking that would protect the gutsur-
’ face from erosion. Wet down for take-offr, this surface would
provide low friction for a metal ski bvottom.

The area of the strip is determined by the vidth of the wing
tip skis (50 feet) and the acceleratior run (120 Teet). An area
75 x 200 feet 18 assuwmed to give an operatioral murgin ailowing
80 feet for jet btlast deflection an! saety margin. One end of
the strip extends into the water to s iepth equal 20 that of the
extended sk' vher the aircrart has wvater-stallcd.

CONRDANTIAL
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Fusling System f[or Water-Based Aircraft

i

Fig.
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The transition run from the ground to the wvater has not been
a problem on current small ski aircraft. For larger and more
heavily loaded skis, the steepness of the grouni rur and the required
trim conditions on entering the water may require the develorment
of special techniques (such as autcsetic ski trim changes) for
successful transition.

3. Water Run

The non-bucyant attack aircreft with hydroskis must enter the
vater at speeds above 30 knots and must leave the water before the
speed falls below 30 knots to aveid water stall. However, the air-
craft is designed to float in csse of a water stall. As indicated
in Appendix B (Fig. 31). the water dreg is a maximum at the water
stall speed and diminishes as speed increszes. The normul gross
veight take-off run from ramp edge to take.off apeed of 1M Xnote
requires approxiastely 25 secords. The distence covered 1s approxi-
mately 3500 feet.

Current experience with the varicus «ki.type aircra®, shovs
that planing presents few problems. Stabllity during planing ls
excellent. Notably, the ability to perform turms, taxi rvas, and
teke-offs ir relatively high croes winds has been desonstrerteu for
Rany of the twin-ski configurstions. It is anticipsted that a tri-

ski configuration with the seme derireble characteristics. can bz
developed but it may require trim angle control for the wing tip
skis.

Although the landing run ia no longer than the take-off run
(3500 feet) it is anticipmted that reverse thrust provisions will
be incorporated in the engines. This will not only assist in a
more cootrolled approach to the beach but will also provide a
powerful iirectiomal conirol system with partial vane deflection.

The larding impact computed as in Ref. 13, for a rigidly
mounted ski, is 3.5 g at full gross weight fcr a centact sinking
speed of 10 feet per second. ¥Essed upon current experience and
rezent theoreti~al ansmlyses, such as Ref. 1h, the load factor of
3.5 g is esiimated to occur with a sinkiiy speed of 15 feet per
second for the ghock mtt mounted configurstion.

The technique for pover-off landings will require an apprcach
tlose to tne shore line at & slight engle so that the position of
touchdown {e not too critical. This will also ellow a longer run
on the beach 80 that a higher groundirg speed will be feasible.
Although {r most cases the power-off landing could be ended on the
shore or in shallow vater, sufficient buayancy is incorporated {n the
basic 3esign of the aircraft for emergency landings in deep water.
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k. Spray

Effects of spray on & cki-equipped aircraft must be considered,
particularly on the engine air intake. The configuration chosen four
study appears to be very favorable from a spray standpoint due to
the locstion of air intake and wing. The air inlske is well eft on
top of the fuselage. It is also protected by the wing which Is le-
cated below and ahead of it. Furthermore, experience has showi
that the necessity for maintaining a fairly high water speed causes
Bost spray to be thrown to the rear, too low to affect the intake.
The spray pattern would be very much like that formed by a seaplane
at planing speeds where spray is thrown well aft of the aircraif't
ving and propellers. Problems concerning spray arising in a hull
seaplane when not on the "step" or when rising onto or settling
from the step, will not affect the non-buoyant ski aircraft cince,
in effect, it 1s on the step or planing all the time that it is on
the water.

Ice formation on ceaplanes on the water has alweys teen a
eerious prohiem. Ry using an anti-icing solution on the aircraft,
this has been partially remedied and seaplanes have heen success-
fully operated in cold regions. Further intengive development
should continuc and the problem should be solvable by the time tne
hwdroski airerart {s operational.

$. Open Wzter Cpcration

Operation of the wats.-baged attack airplane from bases vhere
beac~hing ‘s not possible, i{ntroduces alditional proviems.

i

The moot lmmcdiate need s a piace o Whie sircralt Lo vo
to rest. One such system, reparted in Ref, 200 cancfered cimy
of a floating raft o sulli fent lergth to receive the planing
atrcraft plus allitional length sufficient for a~celeration to
Flaning cpeed. The cystem {llustrated in Fig. 15 srjpreeents o
further tfevelopment Uor handling isrger numbers of planes. Tha
nrresting Cloet segment {5 relatjvely short and incorporates
arsesting gear to recsive the air- raft from the plar.ing ~oncition.
The tuke-off semwrntl of the unit e lunger and s 1eslyrnel t
fioal with the ski tracks awash 1o provide che ac eieration

i

Lmiee

w.th owater lubricoatlon.
TU Je o Aant folpated that the arresting Dloat oegrent wogld

carry noerval fuel oAl slores requiremently ar W A banie

1

Ly
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; : | The fioat system illastrated in Fig. 15 c¢~ild he veed in open .
. | water operation in combination with supply ships and water-based -
. , transperts. It would also be used in other areas where the shore
: terrain wus unusuble or where operatiuns might be deiayed by pre-
‘ parstion of the heachnes. The compirent sections of the raft would .
be alr trarsportable by the large logieuics s.pport semplsne de-cribed °]
| in Ref. 2. 1In fact, the lightering rafts described fcr use with
. the transport in unprepared aress coild be used for water basing the
l} attack alryrlune.

1 - Open water operation intrud.ces prcbiems of rough water take- =
: l‘ off and lancdirg. For the ncr.-buayant hydroski alrcratc thore are ;

two design problems that must be c¢.ucidered: impact .oadc snd 5ab- o

mersion of the skis.

The ability of the skis to abscrlu the landing impact in 2-foot
waves without shock abeorbers has beern amply uemonstrated. In higher .
waves, up to 5 feet, some full-scale experience has been ohtaired
which indicates satisfactory loads for the hydroski atlack airblane.
However, impact characteristics i+ a wide vange of sea corniitinns or
in larger waves are r~t yet determired for the sircrn®t with cshock-

' nmounted skis.

Submersion of the ckis during wave {mpacts is not a rerious
provl.. in itself. ‘'I'he ski continues to lift even though submerged
momentarily. However, the submergence and emergence 5 Lhe ski nos:
gives rise to a heavy spray v.ich may d-ench the engine. The lim-
iting wave size for such a condition {s abzat the same a- - the
larding load factor.

v

t : It is anticipated that the continuing provr-= of pogegrsh with
toth mod«l and full-ccall hydroski air ratt wiil nrovide the toech-
' nical informatinn for rough water (peration. At the came tiews, it
| ' is recompenied that the methods of Jocal smoothing ¢ the swen be
. thorourhly invect{pated,  Proodminary loveoUlpatiors 90 the smooth-
,: ing effect of g ships wake TRervy 197 Gt the e o wnwe PappTen-
. stor Parriern to red e wave Beigh (RS0 e ngve fe gt fmprow -
‘ ments whichh will sbotant ' wlly Jorrne e € Pen ownter peces tin, of

the wabtor-based attaskx nfroralr .

' 1]
Ry TOPARDD N Y WATTR 20D W OH TAND. i
ANDY CARRCIET - DATRDY FEHRAT TONG
I Madrteiane ana dprrat ol Peootees .-
Princk ondre ot 0 e e et oottt g .
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etc. are the same for all bsses. For the shore-based ski aircraft
or the land-based sircraft, the installations for houting., repair
shops, navigational aids, mrintenance equipment, and storage will
be ccmparable, although the desired dispersion is more easily ob-
tained in the water base.

Both the carrier- aud the o>pen-vater-bssed attack aircraft
ure a part of a similar self-contained complete missicn unit. The
segmente of the unit for the water-based mission vill te smaliler
and less complex than the carrier itgelf, cvern though the total
services required are the same. Tp addition, the water-based attack
can be supported by air transport in areas inacceasible to either
carrier- or iaid-based aircraft.

2. Handling and Servicing

The hardlivg and servicing of aircraft has been developel to
a high degree of =fficiency on the aircraft carricr and at vesl-
equipped land bases. Even in areas of minimum preparation, the
ense Of taxiirg or otherwise moving the vheeled aircraft iz fam-
iliar tc operating pers-nnel. Since the inclusion of wheels with
the skis of a water-base’ attack desig. was determincd to be too
costly in weight and voiume, additional equipment {dolly, sperirl

tow track, 1ift truck, or similar equipment’ will be neceesary in
many cases tc provide easy and rapid movement of the aircraft on the
ground {as indicuted in Secticn A-1 ¢! this cnapter).

This special eqiipment, hovever, vili be fa- lighter in weignt
than taxiway constriction requirersnts for the land-based ajircraft.
When the ski loading {ieca thar 4 pri) 1s compared with rormal tire
pressurcs {40 to 100 psi for attack sircraft), the differerce in
surface preparation requirements for the taxiways is evident. All-
weather opersticn of the land-based attack air-raft will! reguire e
plerced~plank, macadamized surface for taxiing or parking vhile the
waler-baged aircraft wiil need no preparation beyond thay provide:
for the trucks arxd other vehicles commmor. to hoth types of tasing.

3. Landing and Take-{ff Surfac s

With allowance for a safe atopping margin, the attuak aircraft
design used for this compurison requlres appriximately 6,000 feet
for take-of! and landing. The carrier flight deck lengt* 1z only
n rmnll fracticn of thic Jdistance by virtue of self-geucrated wind,
arresting gear, catapuits, and exceptions! piiuta. On the ground, the
surface must te suttanly compeiied and coveresd for the fuil distance
vith suffclent width to alio- some approach error {Appraximately
150-"000 width required, Rer. L7
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These costly prepersd strips are almost entirely eliminated
with the water-based concept. Inly the short acceleration strip
(approximately 200 feet by 75 teet wide) need be surfaced. The
most restricted water area for take->ff and landing {narrow
canal or river’ is equivalent to a one.strip eir-field, while
the usuml water body ie of sufficient size to allow simultaneosus
take-offs from a8 nimber »f separated shore staticns.

A comparison c¢f verrair requirements is also significant to
the analysis 5f take-off and landing surtaces. Lard-based oper-
ations require & relstively fiat and well drained surface for
runways, taxiways, and surround g facilities (about 2 square miles
per strip). The hydroski sircruai't requires a reasonsbly sheltered
water area about 6000 by 600 feet {snailow waler, marshes, snow
fields, etc. are satisfactory if air transport is not needed for
supplies) with a small, reasonably flat beach and shore area for
support facilities.

Geographical studies rcported ir Refs. 1 and 2 pertaic par-
ticularly to larger ard deeper water bodies thar those required
Ly the hydroski planre alore. However, ever. on that basis, the
reiative availability of water bodies and suitadble ground terrain
favored the water basing cf aircraft in the Eurasian land massc.

It should be noted that there {s another advantage in the
simplicity of water Lusing where small operationg for short per-
fods of time are peceagary. 7Tn this case, it moy be Jdesirablc
to operate from the beach or rafts with no preparsticon of (he
area. [nstantaneous avalilability of the Lase would be limited
only by the amount ama quality cf the beach or the ability to
t.ransport rafts into the area.

L. Safety

It appears that a foived samding i 8 sxi atreraft results
in consideraciy leas chance cf porsonrel {njury and considerat.y
more chance cf recover.ng the aireraft wdemaged than {s the
case with ronventional afrcraft. € u pilut were faced with a
forced landing, he would have a wide chouice of surfacrs upor which
n safe landing could be masde. The only important requiremsent
would be A reasonably smooth i.gface, and it would not matter
ruch what {t was. Jt could be soft mul, water, snow, cte.

In most cases where the a.roruft (s water hacot) (1 wosld
be possibic Lo provide cons‘derably more than the rin:mm
water arca. This would resuil in much greater safety during
atorted take-offs or englre fa'lres turtng the critionl period
of take-off or Janding., Rgine saafunctione turing lamliings
ard take-of'f's have always bern critjcal Uor lund planes becaune

Fa v
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of limited rurivay space, soft or rough terrain beyond the runway,
and the usual obstructions.

Beyond the safety factors associsted with mmlfunctions, the
water base provides easier landings in limited or zero visibility.
Because of the size of the usual landing area amnd the excellence of
radar contrast between land and water, either groumd- or ajir-con-
trulied landings can be routine. This hac teen demonstrated at
mary sew exercises vhere land- and carrier-based aircraft have becn
grounded by heavy fog vhile seaplanes continued to operate.

Thia capaviiity for all-weather operation of the water-hased
aircraft is particularly important to the attack mission. Transient
targetes and the vulperability of the base to attack make prospt

actior imperutive in any kini of weather.

5. Flexibiifty

Whereas the cerrier aircraft for an attack aission can gen-
eraily operate frum land bases and iand-based aircraft cst operate
from carriers with the addition >f arresting hook {amd structural

beef-up), both wvheeled vebicles are restricted to prepared runvays.

The water-based ski configurmtion can aiso be molified to land
on the carrier deck ard be catapulted for take-off {see Appendix B).

In addition, the skis are suitablc for landings om mud, snow, sod, ]
Plovwed fields, and aimilar surfaces - as well as on wster.

Although operatior of the akis on rough ar abrusive surfaces
will require gpecial bearing skin or frequent replacement, the
fiexibility ¢ such a system mekes 1t 1des)l fur avteck missions.
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V. EVALUATION

The various types of attack miszaioms, the characteristics of
a typical aircraft design, ani the operational problems to be met
have been discussed in previous chapters. Barly in the study it
vas determined that the capability in the air must and can be
equal for the land- and wvater-based aircraft. Therefore, the eval-
vation of the relative merits is primarily a comparison of the
basing systems.

Several typical typ:s of operations were used to establish
the size of the air group and the rejuired bases. For these vases
the relative vulperability and mobility were evaluated in ‘erms
of dispersion, logistics, and cost for both water- and land-based

missions.

Water basing oifers a means of approaching the ideal in
disperaion of aircraft. Although the nserness of the wvater body
to the parking and servicing areas introfuced additional types of
damage possitle in undevwmter atomic bursts, these are reletively
ineffective compared to the damage cf an alr burst. Thus, the
value of the dispersion afforded by veter basing is not reduced.

Tonnage requirements and related costs are less for the
vater-tased attack systes, particularly for the mmaller air groups.
These lower requirasments, iz turn, result in a shorter time and
lower costs for moving vater bases than for land Lases.

The mcbility of the wvater bases for sttack missions, plus
the wide availability of suitable water bodies, gives a greater
flexibility to watrr-based systoms.

A. GSYSTRE CONSIDERED

The aircraft used for the evaluation stuly i3 a supersoaic,
turbojet fighter-bomber of approximately 30,000 pounds grose
weight. Its configuratfon and capsbilitier are incluled in a
supplement with a SECRET classification (see Pigs. 7 through 11).
Problems of landing, take-off, and ground handling were diccusscd
in the preceding chapter and the feasibility of the method of
operstion has been indicated.

Five types of bases have been considered {n the analysis: seml-
permanent, temporary, airherad, amall airhead, and carrier. The
number of aircraft fecilities, personnel, eufply systems, and other
pertinent data are given in Figs. 1£ and 17 for each type of btase.
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It should be noted that the carricer is included In this
analys‘s on a complementary basis rather than as a competitar.
It is beyond the scope of this study to investigate the many
additional factors sigailficant to a relative comparison of
carrier and surface basing systems.

B. DISPERSTOR AND VULNERARILITY COMPARISON

In thic section important features that cause water bases
te differ frowm land bases in their vulnerability to attsack are
indicated and discussed. The effects of atomic and conventional
explosives arv included in this aralysis. Since 2 thermo-nuclear
veapon can irreparably destroy either type of base, thi: Lype of
veapon 18 not pertinent in this study of comparative wvilnerabvili-
ities and 1s excluded from further discussion.

& —

1.

Dispersal of Alrcral at land and Water Boses

The ideal dJdispersion pattern for parkea alrcraft is one
where, dve to sufficient separation, #ech parked aircraft is
more efficiently attackes? 45 u single independent ot jective
rather tron by arca bombviug the dispersal site. DRive vombing

and fighter attack at minimum altitude ars the types of attack
generally cirected against siugle mircraft, and digpersal be-

yond some minimuz has little direct effect against these methnis.
The net gain frow ares bombing of the dispersal site cbviously
declines as the dengity of aircrati within the disperca!l srca
decreases and ultimately {s reducsd to a value delow the gain from
Lypes of attack uirected agminst single alrcraft.

separat tor, between hardetands for parked atrorat {s lesired
{Fio. 'BY. Thic Jogree of lispersal is, howeorer, secarded as
keing too expensive. Planners have ajoptel as s reasonsbtle com-
promise the Liea of clhrsters of throo neavy bombers o
bombters cotrcentrated {(n rectanguliar areas. These
areas are separated by 1500 feet,

land bages.. Plans for lam! bases indicate that a 1%0C-foot

SIX mediux
rectandular

This extsting Untted States dlsperelon plan for land banes
Yy no mean:s precents the enemy viIth a sif . .alion whers (it s

s f

rot

econeoriconlly sivantAgEeous Lo CRPbioy Gl NN.C wWeapehs o

smal'er ylel s weaponn are estims e to ol spprraximyiely ane-

nte the

the price ¢ tha attack tomber, w atomic attack proiatly
' Peonvotdos by o dspercas s Howeser L prevention o0
I thal coverage by oa o lrgte homt omay Yooan oob lective Y
fajrron! fFor T o tag e g e senaret Con nece ey
N )

et L S ey o oy Dieeal by ey
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vhen the aircraft are shiclded bty matural features. UWben a sit-

‘ able number of Individual aircraft are reparated by 2 or 3 mile:,

v operational control would probably be prohibitably 4ifficult and
' " ground defenses badly weakened by dilutinsn. A moro practical

' o ' optimum for aircraft dispersal might be e nttern of clusters of

aircraft, each cluster geparated by 2 to 3 xries and the aircraft

. ‘ within the cluster separasted by 1500 feet.

‘ ‘ Land~base dispersal is limited in part by terrein features

) and availability of real estate. Besides gdditional land costs, N
increased expendiiures are necessary for a larger intra-base

‘ rosd and communications system, longer taxivays, and more expen-
sive protection ageirst encay infiltrestion.

i Water lases.- The somevhet linear dinpersal of aircraft alcng
. a shore Iine, as showa in Pig. 19, reduces the pumber of alircrait
cpvercd by the lethal area of a single atomie bomb as compared
with the ususl aircraft disperssl at a land base. At a favoradle
. site for a water base, it is very likely that the ideal in disper-
sion of aircraft 15 economically attainable because of the avall-
| A able physical resources. The aircraft digpersal area is tle :
’ shore of the water body. The requirements for an interconnecting
road and taxistrip system may be omitted and water transportation
substituted. The water body may provide a partial barrier against
inf{ltration, particularly wher the water Dase is on one shore of
i a river.

-

o .

l " The possibilities of dispersal afforded at a vater base arc
i tar beyond those of any previous operational experience. It ie

_ ' conceivable, fur instance, for the aircraft to be distributed _
‘ . along & tventy-mile segment of river shore line. This dispersal :
. HE is particularly possible for bomber opcrations vhen sufficient
. varning can be giver befoure take-off toO prepare for the mission.

- Although grester dispersal of aircrafi is attainable through ]
' - water-base operaticus, it ie not certain that a similar claim «
ca’t be made for the dispersal of servicing facilities because or '
i the interdependence of these activities.

| An indirect begefit of wide dispersal iz the increased ease
of concesnlirng alrcraft {rve attackers. The attacker mast spread
his search effort nver a greater area. Characteristics of the
. shore line may aleo favor conuealment. If the shire line 1s ’
wvooded, the opportunities for concealment are incrensed. A stezep
. . sloping bunk along the ed.r of the water may also hide as we'l
to as shield the hydrcskl aircraft. Hy ecooping out the bank with
earth moving machinery or by blasting, a iodging is quickly pro-
. vided, ani a cover that klenis with the asurroundngs wiil furaish
) : 4 high degree of concealment. On unpaved ground leaiing to its
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ccncealea location, the hydroski attack bomber will leave short
tracks that are more eacily obliterated than those from conven-
tional landing gear.

Unless concealinent is simultaneously accomplished, disper-
sal above a certain degree merely dilutes the defemse. Thir
is particularly true when the target def~nse consists of AA guns
where dispersal reduces the gun coverage. With missile defense
of air buses, the loss of dafense density is much less because
of the longer range of these weapons.

The topographiczl characteristics of the areas surrounding
water bodies are apt to differ from ar=as in vhich land bases
are located. At land bases, the runways, taxiways, and disper-
sal arcas must be at the same elevation. An area that providee
terrsin sulitable for a land base is apt to bte an extensive plain.
Here there are no natural festures to provide shielding against
blast and Pragments or to providc obstacles against aircra®t
attacking at low level.

The low level sttucker has an unlimited choice ot approsches.
This situation may be considerably altered at a well located water
hase. Besldes furnishing shieldirg and concealment, stecp banks re-
strict the direction of low level approach and ralse the altitude
for pull-up. Figure 20, shcwing limited acceosn, is tvrical of
naturally protected water-basing sites.

2. Special Vulnerability Problems of Weter Baces Exposed
t.o Atomic Attack

The proximity of the water hody to the base exyoces the
ajrcraft and facilities to speclal types of damage rot possible
at land tases. This 18 due to atomic burets on -r telow the sur-
face of the water. Such bursts will cmuse a wave that may (amage
alrcrafy and raciilties. Also the fall-out of water anc the Lasce
turge following the turst are nources of radiciogival contamination
of ‘“e watcer bese. A ‘hird epe~ial vulnerability protlem is the
rossible cratering of the "lour of the water bouy, whish might
caviee the alreraft tn run aer-aaon?

i
|
i
i
l
I
|
!
I
|
i
i
i
|

Quant..tative jrformation relating to the effects of surface
or underwater Jdetonations are relieved to be inadequate to 1o mor:
thap provide orier-of-mapnl? Jie estimnter.  The mvallalic exper!-
mental datu on underwater exo lostaonn tneludie only one stamic s
gion Jdetonation. ScAling ron cmall chiae CXpesiments iy cony .
erea 10 e an anreilable pros ture Toe pre ol ot theae o Vect,
(Reete 00,
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The wave effect.- The wave phenomena arcompanying & surface

I or underwater burst is described in Ref. 18. A deep water body

acjacent to the base increases the vulnerability to wave damage.
Figure 21 illustrates the relative effect of water Jdepth on the
runges of wave damage. The minimum height of a wave that will
damage aireraft and base facilities wvas estimated at 10 feet. Ro
reduction in range has been taken for the decrease of wave height _
sl after the wave enters shallower water. Figure 21 also compares e

ranges of wave damage with the range of dameze tc aircraft from )

en air burst at optimum eltitude. It is clear from this compari- .

2on tnat the damage from alir blast is greater than the damage from
E waves in shallow water. 1n view of the wide dispe 'sal of aircraft

st a water base, it appears that if the depth of the water btody 1is
less than 100 feet, an underwvater burst is not as efficient as an
air burst against shore facilities.

* ' ‘. Thus, a shallow water body sdjacent to a water bace does not
" add any likelihood of that base incurring greater physical damsge
than a land base under similar attack.

Radiological contamination.- Radiclegical contaminetion is

l not thought of as a primary means of raducing the effectiveness =

of an installation such as a land or wvater base. Radiological' i

contaminetion ie primarily & method of effecting personncl casu-

1 alties rather than materiel damage and an aircrsft base is pri-
' l marily a concentration of valuable materiel. To optimize the |-

| on

degree of contamiration, an underground or undeyweter burst is
required. With this type »f burst, blast and thermal offecis
are greatly reduced. Radiological contamination is thus a bonus y
effect for military targets that are not apread over too great an
arrs where the blast loss of a single bomb can be afforded. With K
ils wide dispersal, a water base doss not coffer the enemy this o
type of target. S

It has been predicted that the area highly contaminatei by an
urderground explosion would be smmller than that of an umierwvater
burst. Onc rcason {s thal the density of soill is greater than that
of water end a smaller mass would be thron into the air to descend
at a distance from the explosion (Ref. 19)., Comvarisor cf results
of one underground and one underwvater burst doec not clearly
suppert this stand.

ations are almost completely absorbex in a few yads of water.
There is little neutron-inducsd activity from ar undervater ex-
plosion and the radivactivity created has a short half-life. The
radinactive matorial in Lthe wnter will rapidly become fneftective ,

l In an underwater burst, the initial gamms and neutron radi-
t~cauce of the dilutfor Jdue to mixing !» sater. To contam’nate the
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shore, the flssion products and induced radicactiwve elemenis cust
egscape from tlie water and be deposited on the snore. [For appreri-
able contamination, the wdervater atomic explosion mist be co

near the ghore that significant amourts of the rall-out of wvater

and the base surge, comsisting of a conteminated dense mist mov-

ing outward, will rcach the adjmcent land aress. The wechanics of
bage surge formation are not well underaviood. It is beliewvel, how-
ever, that a base surge will not appear in a shalliow water detommtioa.

The amount of induced radiocactivity following an underground
burat depends on the mineral content of the s2cil. %The total redicac-
tivity may be considerably wore tharn that resulting from an uoder-
water burst of the same yield. Also, 1f the bosd (s accurmtely de.
livered, all of the radicactive material is deposiied within the zrea
of the base.

Thus it does not appear that the water body constitutez a potaen-
Lial rediological hazard to the vater base, psrticulerly if the
water body ie challow and the base surge phenomenon i3 not present.
The watex body ig not helieved to offer the enemy a mears of contam-
ination surerior to mweans existing at & land base.

Cmteg% the floor of the water 7.~ Craters on the floor of

the water caused by subsurface A- bursts may be of practical
significance toc & water base becsuse of crater lips that block take-
off and landing areas. Since tle lkydroexi aircraft does not sink
more than a few inches when moving ot a rate above the critical speed,
ouly crater liprs extending above the gurface of the wnter are signi-
ficant.

The dimensions of the crater depen! partly on the geologicel char-
acteristice of the bottom. A large single stage bamb detonmted on
the bottom in 50 feel: of water vill result in a crater dimmeter of W~
tween 1,50 and 2,00 feet, depending on whether the bottom 1s “hard”™
or "soft,” and corresponding lip heights of 35 amd 125 feet above the

tom (Ref. 20). 1In 100 reet of water the A{ameters and lip heigits will

he somewhsat less and will contimue to Secrease with ircremsing depth of
water. Although a weapon penctrating the bottom before detomation will
cause & larger crater, it is unlikely that an emesy would be willing te
sacrifice blast and thermal effectz Lo crater the weter body. He would
iose the best effectr of the weapon and disrupt the use of only & ~elk-
tively small part of the water body. Even if the crater lip doea exiend
above the water, it will not be necessary to reduce the lip when the
wvater body provides an alternatc operational arca. A problem in re-
moving the [ip e presented by ftg highly rediocactive contant. Con-
ventional explosives may be employed to reduce tae lip.

The land-based counterpari of cratering the floor of the water
tody by A-bomb bursts (s damaging the maveys s taxivays. In feneral,
he cratering of runvays will cripple the oneration aof & fleld. This
would Impose greater repalr regiregents in both time wid msterisl ‘han
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would he necessary for water hodies. DExprrience indicates that
cenventicaa)l bombk hits of about one bamb per acre are regquired
te render a tield temporsrily inoperative (Res. 21).

4. IThe Effect of the Water Body on Radar Bombing

As noted »revicusly, radar refiects well from land but not
from water. Hence, the contra:t between weter and lmd an s
radar scre=n provides a good appr ach and in easy terget fcr
radar tombing. The radar reflectivity cof paved nr pilerced-plank
runways and taxivays at a lard base aiso countrasts with surroundinga
but is less proncunced thar land-water roctrast.

The contrast provided by water and Land bocdies lesas to
improved bomblng accuracy. This improvement nas bteen estimated
in Refl. 22 which classifies targets attacked through radar bomb
sights as "easy” or "difticuit"”. The circular prcbable error of
bombs dropped by radar aiming at an “essy’ target is approximetely
25% less than for a "dirricuit” targe.. Thesc categories are
defined as follows:

1) Easy Targetc

a) Targets with the aiming point within 8 miles of
a land-water contrast feature such as u coastline,

leke, or large river;

b) Industrial targetc with pruminont alming roirnts at
least a mile outside the periphery of a large city,
i.e., a city with an area of over 18 square miles;
and

¢) Targets within small cities, i.c., ~i'les wich an
aren of less than 18 square miles.

2) Difficult Targets

.

&) Target:s in, or on the periphery of, largs citics
and which do not 'l into rhe "eRAsy™ tar; ot owtee
gary by virtue o!f land-water contrast.

It is ¢Year that a water base 1 an "easy” target “ecause of
the land-water contrast. 1t is also clear that land bracs would
fali into the "sasy” category (¢ there were water bodies within B
miiec. Tn most cases the radar reflectivity of atrfiecld features
contrasts sulficiently with surrouniing terrain <o that land baser
muy also be consiuere:! ravorst le radar bombing targets.
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C. TLOGISTICS AWALYSIS

l. Initia! Toanage Requirements

Scmi -permanent base.- The initial tonnage required for a semi-
permanent base is estimated with the aid of Ref:. 23-27. The main
constituents of base construction are runways, tprons, operational
anl mainteneance equipment, and perscnnel racilitiezs. 1In the semi-
permancat type, the ectimate for base constructicn of a lmni-based
air group is 17,451 tons and ror a water-tased 4i. group, 11,655
tons. ‘The muln difference in requirements between the twe bases
is that n very small runway is required for the water base. The
initial supplies required, which include two wecks supply cf pet-
roleum products, armunition, spare aircraft parts, and spare parts Scr
other equipment, as well as personal gear and fooa, amounts to 5,307
tons and is eyual for both versionn. Totrl irnitial tonnage required
for operations will be 22,758 tons for the land base and 16,960 tons
for the water bas=. All tonnage requirements are summarized in
Table 2 and shown graphically in Fig. oo

When stated in term: o! requirements per r'rsion sircraft, tre
tase construction requlrements amount te 193.9 tony per lani-tooed
aircraft and 129.95 tons per water-based airoraft. Total initial

rejuirements amourt to »2%°.9 tons for the land-ba:~Jd sircra’t ani

188.5 tons for the water-based aircraft.

Temporary base.- Apron space, 1iving &l omolations, an: other
facilities are cheaper in a temporary tase than .n s cemi.permpnent
laese. INitial tomwnmge 1o guire. Jur the 1and Lase o ctrucs Jom Qe
11,099 tons and for the water tase construction, *,2°L tine. The
initial supplies for the temporary tamce, estimate: at o, 77C ton-,
arc almcst 50 per cent lese than those Uor the <emi-perranent tase,
The total initial tonnage require! Yor the temporary lant tace
13,875 tons and for the temperary water bLase, O,03 fons.

A.rhead tase. - Race congirast.on ton Core L ement the
sirhead btaoe are estimato! ot only o1z oere trton Uor the
termporary tuse.  The nitind oap, dies Tor Uthe sdirbesg bace are
Kep oo U Teved UF Ll p Lt Tor T em o Lermanent g ane
ternuse an onirtea: may Yeoooore more o oiatet thar oot T eary base.
This reguirement (oo not w00 -t o sompart: o bte the lani-
taner and the water-Yoare o verioon: . The totar ot LEMSHIVSTANE SR
Grel o Lhe Tanes-tosne s version 1t e B tons ant tor tle water-
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base ccrnstruction and a very few equipment items, are reduced to
one-Lthird of the tonnsge requiremerts of the large airhead base.
Tne fact that the runway is identical ir thc tweo sirheeds results
in appreclably higher tonnage requiremerts per mission aircrart
for the land-based version of the sma.l airhead than for the ususal
airhead. The total initial base tunrage required lfor the small
airhead land base is estimeted ¢» be 7.497 tons compared with
1,891 tons fur the smal.i airkead water base. InilLial supplies are
1,769 tone for both versions. The toal initial tonnage required
for the land-based version is 9,266 tons arnd for the water-based
versiun, 3,660 tons. When stated in requirements per mirsion
aircraft, the total {nitial {onnage f-r the smali airheac is 308.9
tcns for the land-based version and 122 torsg f-r the water-based
versior.. Relatively speaking, the .and-based system suffers wvhen
the smaller units arc compar:d (cec Fig. 220,

Carrier base.- The comparis.n of carrier-based sircr-aft with
Land-"or water-based aircraft operating inside a continent is not
a fiir comparisor.  In mony cases, the carrier-basedi sircraf't may
be complemertary t : ef{ther the lard-based .r water -based alrcralt
ratner than 2 rival of eitner sue. Tle carrier has certair ad-
vantages, sucn 86 tne sbi.ity tc move atl wiii through oper seas
and hence can attack coastal areas and cantiguous in.and aress
that are within the radius of its aircraft. IThe carrier cannot
get into the Voiga Fiver, whereas lard-based or water-based a1y~
craft may operate there. The land-based or water-based sircraft
will rot te abic ts attack a coastai area .uniess hsres are secured
withir appropriate distances. Hence, 1t muist be remembersd that
inasmuch as the carrier is inc.aded in this compariscn, the cum-
parison is of complementary mcthods of speration rather than rival
methods of operation. It is assamed that a carrier dispiacing about
45,000 tras can base an air group of 90 attack a‘reraft. In thos
cagse, the injtial torrnere wili be 500 t-ne per missicn aircraft.

2. (peimting SJdpplies

The .ogislire reuirements while a ltuse {5 1n gperati1on are
largely depecdent upo>. ‘he amminition and petroaleam supplics needed.
These suppiies, showr {u Fig. 23 witt to THentica. ar jand und
water bascs and wili depend upor: the number of sorties fiown. IF
20 serties por month are {iown, tne tonnage ,eqaired per missjon
aireratrt per month {s est imated at 102,02 tons, and 17 12 oortia

are foown, the tonnage reg.irod oo ocostimated Lo be oL tans,

The namber of tans jor month requi-e! e fmertant in dee 5
terminine the numher A€ o csesport aireralt ccgair-t to sapply large '
and nmsi . airhess bases. Transy vt oa rcoeat v roirement: are com-
pruted for 20 norties ey omer e lown by s h mission asreralt. The
Innd-breed nirhem? car e v L TED D bty A - 0 alreraft. THre cx-

tstbayr alreradt

HEPS C LA AN I R tos recriiary v Keep the
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MUMBER OF SORTIES PER MONTH

TE:

MUHTHLY TONNASY REQUIREMG: Ta, -
06 Fuf CENTY PUSL &RO MINITICSeN
ARA PRACTICALLY IDENTICAL POR
ALL BadeEs.

HEEERNN

x a0 [ o)
TOMNAGE REQUIREMENTS PER MONTH FER AIRCRAFT

TO SUPPLY 80 ATTACK AIRCRAFT:

PL._C-!Z} TRANSPORTS REQUIRED FOR LAWD BASE

l 14.9 TUNS YRAKRNSPORY AIRFRAME
Pl ATTACHK AINCRASY

|

C WATER CASED TRANSPORTS
REQUIRED FOR WATER SusE

T TONN TWLNBFORT .nu!NAugl

TRAN ATRACK AIRCMAFPY

Fig. 23. Missio s Operating Supplies for Attach Arrcraft
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runvay reguircment as simple as possible. The projected water- f
based transport aircraft described in Ref. 2 1s assumed to "/;‘1
supply the water base. Six of these aircraft will be regquired. \jf
For both types of bases, the mission requirementz for the small B
airhead are reduced by twso-thirds. The empty weight of transport
aircraft required per mission aircraft, shown in Fig. 23 and -
Table 3, is 14.9 tons per mission aircraft for the lapnd base and .

T.9 tons for the water base.

3. Tcnnage Recoverable

salvaged when a base is moved. Tonnage that is salvuged reduces:
1) the veight of material that must be transported from the United
States to foreign areas; and 2) reduces the cost of war to our
national econcary. In all of th- ‘ases examined, the runwaye,
buildings, and ground construntion work are not recoverable. The :
material recoverable wvhen moving is primarily t.ransportable equip- -:_
ment.

' Tt ig very important to consider the tomnage that can be
The tonnage recoverable and tonnage lost are summarized in
Table 4. In & semi-permanent base, the tonnage not recoveratle
' per mission aircraft is 167.5 tons for the lend base ard 103.7
tons for the water btase. For tue temporary base, corresponding
figures are 106.5 tons and hQ tons, respectively. On the airieai
' base, they are 105.8 tons and 4O.k tcum respectively. Cn the
small airhead base, the water-based aircraft compares more favor-
ably than on any other type of vase. Here, the tonnasge lost per o
mission esircraft is 2°9.9 tons for the land base snd 38 tons for “"
l the water dhase. o
. In this comparison the aircraft carr.er {s more econamical
" than any other kind of bage because 1t can be move! from one lo-
‘ cation to ancother with no l¢ss of base constriction or initial
cupplies. These data arc {llustrated in Fig. 2.

l

' L. Summar

The tonnage required for the water-based attack system is
! " ronsistently less than for the land-hased system becuuse of the

b smaller amcunt of surfacing necessary. The amount lost due to a
lase move iz greatest Tor the land bese. The relative sdvantage i
: : of the watcr-based syster increases with a decreare (n sise Cf e
b the air group.

. In the airhend even the regu .r supplies !‘mpise a greater
~roblem for the lane base because of the iimite! size of trans-
port. that must lan: an the minimum runvay preparet £o0 attuok
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I . Tr.o flexibility of this attack weaposn system will derend
upor. the rumber cf sites mt which it can be based, the facility
' with which these bases csn be moved, the number >f avallable
targets for the missiosa aircraft, the capabi ity of using the
aircraft effectively in case of emergency, and the ability to
mceve in resporse tc various types of enemy attack.

- . T ——
I

! 1. Bese Avai_ability
‘ ldealiy, the water at a vater base must. be deep enough to o
. land the large tretsp.rt aircraft that are capadble of supperting ’
) the attack aircrart. i
N W .
. In the Europea-. land mass there are: :
|
! _ I 1) 2ver 3,000 lakes of sufyiciernt size and depth for
N mu) r arshglline areps.  Targe wiater-tggsed trans-
port cperations woulid be gupported by wuter-based
' ' atlack air-raft;
?) An uneurveyed but large rumber of additinnal iakes
’ saiteble ror the attack aircraft aione;
s |
i 30 18.000 mi.es of rivers and cansis having strotehes
of sufficient size and depth t¢ meet gross-veight
. l requiremests . the wator-based transpert; and ;
a
L) 35,000 m!.es ¢ comstas waters containing hindreds '
! of Ttet gultable oo apphitios. cperati...s.
2.  Base Mobilivy
' A base i{s constdered 01 goved wher UL seale cterat bons
fn all kinds of weather hnve beer entablished. L0 18 recognized
that payoia. cperationg couwst e carrdew on Prog cand lases or
waleer bagses prinr to the time whern TL.0 operations omn be ©one
. hingeq Temp orary ladoPieg sl T s Lo s me U e it e e
when the usual runwsys are remay Cor cperntior . However, ° ia
Pelievised that the o ogepar i petween art Yaces ot ownt - btooos !
! wiil bee on a firmer bacis 17 th comtar con To mel - o1 Uhe aftaine i
y ment. G Taal operatians rather Chal, Spah Sode ard Do r|ry = tan tard &
oropart Jnl operationn. ‘
! Me Lormage rediarew o0 v Lo Tvpes o e vas
restudied A srter Lo o eetimarte the Uoroa@e oL it U o geme e
. Sperationg . Thene entaamste: mre Commnore 0 Tabhy neloLiis-
) . Traves o Froo Cho The mor imas tonnng o v g e s
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aircraft to establish operations for the temporary land base is
estimat~>d to be 103.8 tons end for the temporary water base 28.9
tons. In tiae airhead, the corresponding figures are 106 and 31.1 '
tons, respectively. 1In the small airhead, the minimue tornage re-

guirements are 247 tons and 31.1 tons, respectively. 1t is con-

sidered that a semi-permanent base wiil rnot be corstructed when

frequert muves are likely. '

Temporary base.- In the comparison, temporayxy bases are
moved by truck. The number of trucks required will be less if l
sufficient time can be expended to permit the trucke TO make

mc.e than cne trip. 1n this study, the req.iremenis were in-

restigated when the trucks mske cone trio and wher they make 10 ]
trips. These data, summarized in Table 3 ard Fig. 24, show that

if the move is made in one trip, an average of 20.8 five-ton

trucks per mission aircraft will be required to mcove & Jand base, ;
and 5.8 tive-ton trucks per mission aircraft will be required to I
rove 8 water base. If Lime crn be spent teo permit 10 trips yer

truck, the number of trucks will be reduced t~ 2.1 and C.6,re-

spectively.

The time required t- move a base from ore site *o anothcr
is measured from the time that a decisicn is made t. make this l
move to the time when the base is fully operaticnsi. The time

required 15 investigated for a meve with trucks making onre trip

or i" trips, for distances of 200 nautical milies or kOO nautical

miles. 7Tr. comparing the movcam.ct of the temporary bace, the |
requirements for planring and preparati{-n, inc.udirg initial

loading, were estimated to be 24 hiurs fr both vater and lard

baser. The time {n transit willi vary with the distance and the I
nu.er of trips, but will be the same for bnoth types -I bases.

It 15 estimated that the runway can be canstruc’ >d wnd wade avail-

able for cperations in 360 hours. The total time required Lo achieve

ful” operat ons ts not mecesrarily the uuxr of moving and coenstruc- '
tion tlmer, rince much of the moving can be accomplished wnhile the

runway s belng constricued.

The Lo-a. time required verrsas the :amber of trucks required
is illustrated fn Fig. 25 and the tota: time reguired versus the

dictanes moved (g chown in Tebtle S and Fig. 2%, These comparisoas i
shew that Lhe water tases are capable of more rapid movement than

the .nnd tasec. For o bane anve of 200 nputical adlles, 1t i east!

metoed that the land bagse car, e mved an! made avallable for oper- ‘
eticr Ir 79 hours ot one Lrip r tr.ckx compared with 88 hours for A
e water broe. IF M0 tripy e trice ouwre made (e time required

i a8 hours compare: Jith L hurs. When the dictance movedt (o \
LOO ngutical miles, (he LiDe requlired Cor o the JAMT LR&S wWher one '
LYty omAde por o Lruck o oroa Yooarn oan: Tor the woler base, OO houro.

WhED 1o Lrops per Lrac¥ are mate, thin comparls .5 08 hours and 48C

Powre, reapeaslively.
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Airhead base.- The comparisons of time for airheaqa zsteb-
lishment In Fig. 26 show that the water-based version has an
advantage over the land-based version and that the time regquive-
ments are identical for the large airhead and the samll airhead.
The aumber of transport aircraft attached to esch tsctical air
unit is considered to he Aetermined by the requirement for upera-
tionel supplies rather than by the requirement for base movement.
For the airhead and the smai) airhead it is estimated that 390
hours are required for a &JO nautical-mile move of the land base
compared with 40.3 hours for the water hase. If this move is
400 nautical miles, these figures are 392 and 44,9, respectively.

Carriaer.- Movements of aircralt carriers can be made in auch

shorter time. Assuming sn average speed of 20 knots, a carrier
can move 200 nautical miles in 10 hourr and 400 nautical miles iu

2C hcurs. Ko initial preparation tLine for runway construction 1&
involved.

Enemy interference.- Movements of lend and water oases invalve
many leogistic problems and are time consuming. In this aunlysis,

pnesible sttrition to the transport aircraft and tru~ks meking the
movemer.t has not been considered. 1If attrition rates are signifi-
cant, the costs of such moves may be prchibitive. I enemy attack
on these lines of movement becomes importent, the comparison vill

favor the wvater-based aircraft because of lower tonusge requiresepts.

3. Effective Action in Stratepic Bmergencies

In cases where it is desirable to ciupeentrate many tactical
aircraft, in a relatively smali ares, such as bringing all the

tactical &ir wings in western Eurcpe o0 tear upor one sector,

~ffective mobility will re required. Since the water-based sys-
tem j& more mobile than the land-bdased syriem, these rases cculd
be rapidiy movec from oxisting sites to m concertrated area tor
operations. Aad since there are practi-sslly no sreas .2 Europe
where adequate water basges are not avallable withio the radiuc of
thisr afircrafl from enemy targetc, [t appearg that the water-tased
attack aircraft poseesses the capebility of maxismar coneentration

whenever strateg:cally necessary.

piftective Muvement [ Responsc to Attsch

4.

Aere aguin, mobility is of priwme {nportance. If the boses are

sut Ject Lo attack from enemy tsctical aircraft, they can be mowrnd
out of range of the envaxy tases more easlly and more quiskly if
thcy are vater baged than if they are land basmed. If the attark
is fropm advancing lani troupa, the water base can be moved faster
than the lard bare and little vwill be lelt fur tle cnemy Lo use.
In etther case, the alryorafl themeelver couiad e cvacuated with
sport ard Clown vy flelds in the resr. T the attack is

equnl
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coming fror saboteudrs who are in the area and if the aircraft are
parked in one uuit, the water beses have less area to bte guarded
by secuwrity fences or cther devices. 1f the water-based aircraft
are wide:y dispersed, then possibly they would require the same
area to guard as w.ild the iand-based aircraft. So from this
aspect, the water bases may have ar. ailvactage -~ver .and bases.

5. Summary

Adveatages L. be gaired from flexibility depend upcon base
mobility more than ary -~ther fact-r. The water base can be moved
from one spot tc another with greater facility than the land base.
The mair reesor fcr this advauntage is because of the smell ruarvay
requireweris :f the water-based aircraft. Tne supericr mobiility
of the water base sver the .and base will lead to nore effective
acrtior against enemy targets, against enemy edvances, and aguinct
a-eac where it 1s desired t. .se a.1 avsai abie aircraft.

This secti-n considers the costs asszeiated with tne estab-
vicusl

and il.usirated in Figs. .5 ari V7.

1. Base o astructi .n

Semi-permanent bac .- Semi-permanc it Laiel banes ame cstimaten

to cost $00.0 miliion sach arcd winter rases $1 .0 mooilon vach, Uhe

11 Merence ke primartly that 1 oaway re)cre~entn a= vy small
e

froo e iatter frotaliatyoon !

THio ameo ot 1 o o mion
sireratt o e an s oand $; TULO00 ey mins o wirsenTt e
the waler bmce . AL bace . wrte, v JERrtsen 1 ! '

are compatel Wit o 0 Ret | Y vt

Iomp ruy tace.
$.0.00 miol L ormphare
Jrveo $;:n.'(\(\\
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Carrier.- The 45,000-tcn aircraft carrier {s estimated tc
cost 550 million at present replacement costs. This amounts
to 41,667,000 per mission aircrast.

Overseas base construction is ligted ag ome af six critical
jtems in wartime plauning. The water-tased aircraft show & con-
siderable advantege over landi-based ai:craft with respect to

riginal base construction costs. This sdvantage is of even greater
importance since the suvings arc cumulative vhem bas~¢ are moved
from one site to another.

2; Total Valuc at a Base

In this study, each attack iilrcraft 1s estimated to coet
$696,00C regardless of vhether land based or water based. This
egtimate is based upon the assumption tlat a large mumber of these
aircraft will be manufactured.

The personzel requirements are estimated to be 2,400 for the
semi-permanent base, 1,500 for the temporary basc, ¢,300 far the
airhead bsse, and 767 for the small mirhead base. 'These require-
ments are estimated to be identical whether for land base or water
btase. Persounel training and traveling costs are estimated with
aid of Ref. 27 to be $23.6 million for the semi-permanent base ard
airhead base; $20.1 million for the temporary bese, and $7.9 mil-
+ion for the small airhead bsse. When estimated per misxiom air-
craft, peresonnel ccets are $262,000 for the semi-permanent base,
airhead base, and smell airhead base, and $2£3.000 far the tempor-
ary base.

Initial supplies are estimsted on a tw> wveekn dbasis to cost
$2.4 miliion for the semi-permanent base wnd airhead base, $1.2
million for the temporary hase, and $0.8 sdliiom for the saall
airhead base.

To transport supplies to the land-based girhewd, 90 existing
low-tire-precsure and low-wheel-lomding aircraft costing $67.3
million will be required. This type is used decausc air transport
is necessary in the comstruction mtages. At the water-based air-
head, the projected trarsport can be used (Refs. 1 gnd 2). Six
of thege aircrart costing $34.5 million wviil be required. Trans-
port requirements for the waall slrneads mye cne-third of those
for the alrheads.

When the total value at & base ig cogputed, the difercvnce
between the vater base and tue land base is not very high. It is
$108.C million for the sem!-permapent 1and base and $105.6 milliow
for the semi-permanect water base. Reducticn of base faciiitics smd
initial supply level leada to & lower total walue for the tewporary
base, $64.7 million and $90.8 miilion, reapectively.
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The tctal value at a land-based airhead is $167 miilion com-
pared with $130.8 million for the water-based airhesd. For Lbe
small ajrhead, these figures are $58.9 million and $45 million,
reegpectively.

When the carrier is included, it is found that the total
value is much higher, rnamely $248.7 million for ar air group.
When stated on the basis of value coucentration per aiss’cu
aircraft, the carrier is highest with $.76 million. IrL all
cases, the water-based aircraft is below that of t lani-bascd
sircrat't (see Table 6 and Fig. 27).

3. Vaiue Lost When Base is Abanduned

The vaiie lc . when a base is abandoned, summarized in Table

6 and Fig. 27, is importast in determining the practicality of
moving & tase to another site. The materials revuverable from
both types of bases are vehicies, transportable equipment, and
supplies. Constyuctiorn of buildirgs and labor expended on the
site are, of corurse, lost. It is estimated that $17.6 million
will ve lost vhen a semi-permanert landi base is zbandoned, com-
vared with $i3.2 mitlion for a semi-permanent water base. The
value lost is $8.9 millirn for a temporary land base und $4.9
million for a temporary water base. ¥For the airhead bese, the
value jost is $9.2 million compared to $5.4 million. At the
smail airhead base, it is $5.7 million compared with $3 million.

in comparison, the carrier loses nothing when moving rrom
base to base .uniess attrition dge tc ememy acticm is introduced.
Tts only cost for moving 1s fuel. Since mcvement is iu eflect
part of the designed cperation of the carrier, it car pe said
that novement is almost costless.

L. Mobility Cosis

The annua! base ¢ sts are compared when the basc {8 stalion-
Ary rnd vhen tne bage has 10 moves u year. From a practical
standprint, it is urlikely that a semi-purmanc:.t base wWoaid be
woved and i a move were male from a somi - permanent btace, it
would be to another base which wouird be a tewmporary structure.
When this move 15 made, the couet of makite a mowe equals the cost
of conslruction of the base, ‘eas salvage Tirorm the old base, plus
transportati .n.  Except where attrition frae enesy action is

important, trancportation coste arce almen! negligibie,

The ezt of moving n Yoe L0 times n year (o shown Lo e
$o i mlltan Tor s temporary sard bese compere |t witn $89 ¢ ) o
for 1he Lemp rary water base " Inb,e 70 The mirbicn:ir are »nt -
matet 1 coat $O0 @iiiton Cor 00 mewee far the LAt base

CONROENTIAL
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compared with 349.8 million f'or the water base. With smail air-
heads, the compearison is proportionately more favorsble to the
water base where the cost of 10 moves is estiuated tu e $59.1
million for the land base compared with 529 million {nr che water
base. The comparative cost for mnking moves witl. the assumed
carrier depends largely upcen the amortization rate of the carrier '
itself. This is a four year period which would wean a cost o l
$37.7 million a year. Costs of motility, summmrized in Table 7
and Fig. 28, are lower in all casec for the water-based aircraft
than for land-based aircraft and lower yet for the carrier.

5. Tre Size of the Unit

It is possible tc domicile the water-tased circra®™ in small
univs for purposes ol dispersion without Leing subject to repidly
rising base conmstructicn costs per mission aircrafi {see Flg. 20).
Since runway coste are equal for either a group of M aircraft or
8 a sqnadrea of 20 aircraft, the base coste per wnission aircraft are

greatly increased wher lhe number of land-based aircraft is reduced
from W to 30. The inersare far the water-bhared aircrstt is moh
less.

- e e ——————

o H. Cost Summary

Bases for the hydroski water-based sircraft cost less thar
tases for the cenventional land-btased airera®™, primarily Yecause
of' differences of the ruaways. Since runvays are not recoverstle,
the value lost when & base 3s sbandonsd is consideradly mars for
N the land base than the water base. For these reasons, tho cost !

of mobility is much less for the vater Yase than {or the ‘and basc.

. The crrrier base is mo:c expensive than a land base or wator Tare
wvith yespect to initial costs. However, the costs of moving ar
negligible for the -arrier so that when s high doproc o8 wol. iy

is regquired the carrier becones the cheapest hasg

CONRDENTIAL | §
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Vi. CONL EONS AND RECOMMENDATTONS
i
! ¥
{ : Fr w the analysis -f the p.tential 3! water-hase?l aircra®t
fur sttock missior:s, 3t as corncladed tnat:
I i ! The water-bascd attack system ~f'fers the greatest
i foexibroity 1 pergtic- -
! f < The .ard-basec systems reg.ire tws to f-ar ¢ ime-
the torniage i1 cotab.ishmert srd a much loneer
time te buiid:
:' ’ 3. The regared nigh peri_rmence 1r thC Alr can be
: artained equaily well with wuter- or lariebase:
i aircratt,
! ‘ 4) The - o8ts ir Uime, manpowsr. and 0l .arc are lowe s
¢ for wuler bases, ecpecisulily wher Creguers b
. meves gre deaiesd oA
H
= Tne sdvaetazer 7 water bacirg oare relgt.veoiy
!. mach greater Tor osmaller L0t or grouwps.
ALLUoymh LHe curronl o Xperieror 5 Wittt p T ee v pye s v e
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STRUCTURAL CONSIDERATIONS AND WEIGHT DETERMINATIONS

&, C¥T TNSTALLATION

The prime advantage cf the hydroski -equipped airplanes is their
ability to take off and land on various surlaces. They will be
capable ol landing and taking off from ice, snow, or water and landing
in any relatively unobstructed arca,

The ei=>lape will be non-buoyart (i the sense that take-off
will not be from a buoyent static ccndivion in the water), which
necesserily dictates that a minimum rlaning speed be maintained
while on the wat.r. The risk of engine failure while water teaxding
does not seem to warrant the weight porelty involved in making a
dense airplane of this type 1aic a tuoyr»* configur.tion. After the
landing ou water, it is then necessary to raxi to tre- beach, a pre-
pared ramp, O>r a floating carrier. Even though the noa-buoyant con-
riguration will il iLuke ofi 1rom & floatirg positiom in ihe water,
it is desigred to remain afloat in case of a water stall.

The required size of the remp is a function of minimm water
planing speed, thrust to weight ratio, and coefficient of friccion.
For example, the cesign selected for comparison has a thrust/weight
ratio of 0.50 and s minimmm plening speed of 30 knots. If a simple
wooden ramp wet-dowvn with water is wused, a length of only 120 feet
is reguired to atta'n tre minimum planing speed and transition onto
the wvater. When trarsitioning from the water at the minimum planing

speed, the airplane coula he hrought to a stop in approximately 150
feet.,

Wei sod, aud, or other 2ow friction surfaces wmay alsc be used
for landing and taking off. Landings on hard surfaces will necessarily
be liwited to emergencies to preclute excessive ski wear except where
some arresting gear device is used to skeorten tke run out.

The tri-ski coafiguration shom in Flg. 12 was evolved by con-
siderins the lmportance of having the longust p-rssible boab bay door
and the pecessity or providing for iaternl stability st low plsning

speeds. The slze of the skic bhas been selected to malntain a miniaus
planing speed of 30 knots.

The forward ski (Fig. 29, 18 retracted iuto the fureloge aft of
Full Station 195 and extend< from longeron to longeror at {ts wvidest
section. When extended, the forwvurd cki is supported by a 4-bar linkage.

i
I
I
I
|
|
|
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Tae aft shock strut incorporates a cyllnder for adjusting the trim

“ of the ski relative to the airplane oy the pilot. In both the re-
tracted and extendsd peositions, the aft strut le secured by & lock
on the drag strut. Th» forward ski is fitted with hinged water

I i flaps that are pilot comirclled to vary the effective ski area.
The water fleps txe extended in order to maintain & iow planing

Lpeed and retracted for landing and high speed planing.

Saaller skis {(Fig. 30) are attached to each wing tip, erd when
retracted, they form the wing’'s lover comtour. A trim cylinder is
inclwded in the swypporting linkege so that aki {rim may be pilot

u cutrolled. The tip skis are secured in the dowm positica by a
lock on the wmadn strut,; sod secured in the up positiom by & sequence

operated lock om the wing structure.

From thiv preiiminary investigation, it was determined that
the use of nydroakis will scve a total of 60 of the 90 cubic feet
of fuselage volume required in the oomventiomal vheel landing

a geaxr. The total velight saving of the skis over the landirg gear

is considered to be negligible.

All thre> stis have pointad tralling edges vwhich are interded
to reduce landing impact loaldizgs and vibration problems at high
speed planing. Should mspouverabk:ility for ground handling be de-
fired on a hard surface vhere ski wear woald be too great, samll
bandling wheels may be iustalled integral with the skis. For the
tip skis, this would require & fairing in the ving to bouse the

vheel.

B. DETERWINING THE SXI SIZE

In esiabooshing the ski size for the alteck airplane, which
has o (rons :ght of approximately 30,000 lb, it vas assumed
that °Le mialwmum planing speed should be apuroximstely 50 fpe
(30 xuots). The problem then boiled dowm to & Yetevmination of
the area, acnect ratio, and trus that would support the required
loads. Ome ol the major p.oblers was the determination of the
number of skis and their srraogemeni in & manner that wouwld be
compatible with the sclected airfyame.

Initial studies 1volwved arcund a single ski configurstion
with small outrigsers on each ving. It becesw increasingly ob-
vious that this system was impractical because the reguired ski

R o e
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area covld not be fitted into the availuble fuszlage voluwre 8a3/0r
bottom area. This same factor precluded the wse of tvin skis um-
jess they could be retracted icto the wing bottom surfece. Re-
sraction into the wing wes aot seriously considered because of the
wing structure sl the aifficulties which might arise due to spece
blews. Thus, 1t vas decided that a 3-point

pro
uathgenewemhtbemmried vy the main ski

tip ski.

14 degrees wonld be aatisfactory would not vide drag Torces
that would exceed the available thrust (Ref. 13). The width of the
main ski vas de red by the main fore and vhile

boxb day. Mmax;mrtmeeviththem,
wmm,apomted:temmmlmdton .
T™he resulting mein ski ares totalad spproximtely 33 square feet. ’

The outer edges ware desigoed

ndmwmuumdammmwpmw
operatico. Other pertinent fectors for this min ski

below:

symbols.-
~ area (£g TY)
width (ft)

g w
]

) « average vidta (re)
g = dacadrise acgle (3eg)

ae - effective desdrise angle
(aeg)

suspension be used

and + on each ving |

. hydrodymasic 1iii (1v) ")

- skl trim anglc (deg) !
« hyliciynamc resistance {iv)

« thrust (1)

3% sq ¢

/2]
®

b = 5 ft
ave

%'?“%'L“

From Ref. 13

9‘5 vas detesmined to be .,pproxulﬂtely 500 1h/eq I+

A 35K 500 = 16,500 1b
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The tip siki was determined in 3 menner similar to that used
for the wmain ski. Care was exercised to assure a minimm distur-
bance to the besic structure. Pertipent factors for thesc skis
are:

= 13 8q Ft T = 4

v

= 2,00 g = O

-}
L S 1
5‘3'3'15

¥From Ref. 13
4 ‘s determined to be approximetely k50 1b/sq ft

g
A = 2xx k5 = 5,850 1b for a total of 11,700 1b/sq ft

The inverse lift/drag ratio at these speeis is given below as
determined by methods outlined in Ref. 13.

Main skt g = 0.275

= 0.278

Dz

Tip aki

smcegeme«h 0.300 it can readily be seen that there is

sufficient thrust %o asintain these speeds. Typical take-ofl
resistance and performance is shown in Fig. 31.

To establish planirg equilibrium, it was necessary to comsider
skl positiocas as well un faorces of thrust, lift, ‘reg, and weight.

C. WEIGHT COMPARISCH

The statistical comparisou of skis and vhealed larding gears
in Appendix A indicates a lighter wveight for ski installatioms.
Information available on skis is very ilimitea axd is not repre-
sentative of a production type installation. Also, the statistical
analyeis dealt only vith the landing device with its supporting

THE OLERN L. MARTIN COMPANY CONFIDENTIAL MODEL
BALTIMORE, MARYLAND ER NO. 6602
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struts and, as such, can caly be used to indiceate a trend. The
type, size, and location of lamding devices appreciably affect
the aircraft configurution and structural design. A direct com-
parison can only be made by an analysis of specific designs.

For this comparison a land-based airplene comfiguration has
been scliected that has a tandem landing gear housed in the fuse-
lage with auwxddiliary wing-tip gear; the wvater-besed version has a
single main ski housed in the fuselage and twin skis located on

the wing tips.

Undoubtedly there will continue to be developments in the
aircraft structural field in the periocd covered by these studies.
Improvements mey be expected in coustruction methods and in the
quality of the materials used. Homeycambd comsirwction for com-
trol surfaces and secondary structures will be used more extensively.
The dsvelopment of very high heat treated, high strength 4340 steel
vill have a minor offect on the over-all design. Nev alumimm
1110ys are being developed of vhich the XAT85 series is presently
shoving an 8 per cent increase in tensile strength over the 758
sories. Patigue strength and other physical properties are about
the same as 758 and 1t will have spproximasely the same limitations
in its use. Titanium alloys in development that retain thair

strength at elevated tsaperature are nov approaching the strength-
weight retio cof the aluminum alloys. High production and a sub-
sequent reduction in cost wvill encourtge mora exteasive use of tlis

alloy.

The foregoing developments in the field of aircraft structural
design will tend to lover the structural weight. Unfortunately,
there are other comaiderations such as corro.iom,iatigus, and tem-
perature roblems that wvill have sn opposite effect and may reliify
any expected i{mprovement. It is assumed; therefore, thet the esti-
mating procedurea bas~d cn current performance vill satisfactorily
predict structural wveights fcr the periot coverad by this study.

The summary veight comperison of the ski-equipped and vheel-
ejuipped atteck airplanes was given in Table 1.

1. Nethod of Apalysis

Methods used for the weight analysis of aircraft vary with
the puwrpose for vhich the analiysis is prepared and the time avalialie
for the evaluation of specific configurations. Generslized foramlss
for the estimation of structural couponents are ususlly dswveloped
from statistical information with a purely emperical or a semi-
theoretical base. In generel, each aircreft manufecturer and military
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struls and, ss such, cau only be used Lo iudicate a trend. The
type, size, and location of landing devices appreciably affect
the adircraft configuration and structural design. A direct com-
parison can only be made by an anaiysis of specific designs.

For this comparison a land-besed airplane configuration has
been selected that Lhas a tandem lending gear houeed in the fuse-
iage with auxiliary wing-tip gear; the water-based versior has a
single majin ski housed in the fuselage and twin skis lcocated -n
the wing tips.

Undoubtedly there will continue to be developments in the
aircraft structural field in the period covered by these stuadies.
Inprovenents may be expected in comstructica methods and in the
quality of thc materials used. Hopeycomr comstructiom for con-
trol surfacec and secondary structures will be ussd more extensively.
The development of very high beat treated, high strength 4340 steel
will have a minor effect on thc over-all design. Nev aluminum
alloys are being developed of which the XAT85 serics is presently
shoving ar B per cent increasc in tensile <trength over the 755
series, Fatigue strength and other physical proprertivs are sbout
the same as 755 and it will have appiroximately the same limitations
in its use., Titaniux alloys in development that retain their
strength at elevat.:d temperature are now approeching ihe strength-
waigkt ratio cf the aluminum alloys. NHigh production and s sub-
seqguent reduction in cost vwill encourage more extensive use of this

alley.

The foregoing dcevelopments in the field of aireraft structural
desisn will tend to lower the structural weight. Unforiunately,
there are cther considerations such as corrosion,fatigue, and tem-
perature problems thot will have an oppogsite effect and may nullify
any expected improvement. It is ass:med, therefore, that the esti-
mating procedures based on currcnt performance will srtislactorily
predict structaral weights for the period covered by this study.

©

The surmary weight camparison of the ski-ejuipped and wheel-
e uipped attack zirulanes was given in Table i,

1. nNcthod of Analyeis

Methods used ror the wvelght analysis o asircraft vary <ith
the purpose for Jhich the analysis 1o preparv? an! the time avallalle
Jor the evaluation of specifir conligurations. venerslirea formuias
Jour the estimation of structureal components are usually developed
from statictical informaticn with a purcly emjailical or a sem.-
theoretical base. In gencral, each aircral't manufacturer and amilitary
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procuring eagency has developed or adopted its own methods and formulss

Tor veight analysis. Many of these methods have been presented as

papers to technjcal societies and others are available a3 the result ,
of contractural efforts of research organizations suck as Ranc, Iac., .
and the Willow Run Reseerchr Center. A number of these methods were i
available and investigated for use. i

For this analysis a method was needed tiaat would provide gener- l
alizea formulas for major structural components and provide a reason- !
ably accurate total componment weight in a short period of time. It _
was also necessary that these formulas contain the parsmcters affecting ‘ E
weight in their proper relationschip to the totul so that the formulas
could be used in the optimization studics of the individual components. | §

0f the formmilas investigated, those used in this analysis that
have been based on methods used at the Martin Company and those contained ‘
in Ref. 28 and applied in Ref. 29 were found to heve the most counsistent
accuracy. Methods using a more detailed theoretical analysie as ex=mpli-
fi=d by the mitiple station analysis of Ref, 30, require considerably '
more time to apply andi are only valuable as a more refined check wach !
the situation warraunts.

In the following analysis, fairly detailed stress checks were nmade ,
on the major structural components. This procedure was followed because
of the rather unconventiooal fusslage coarijuretion dictated by the "area
rule” and because of ihe ertects of the landing devices and their locations .
on the fuselage and wing. These structural snalyses checked very closely
vith the results obtaired by estimating formuias. ‘ l

Symbols. - !
DGW & desigcn grosc weight (lb) ; l
W, = basic ving weight (1b)
W, = total hori~ontal tail weight (1b) l

e

HT

Woap - total vertical tail weight (1b)

Ap = basic fuselage weight {1b) '

W, = aki unit veight (1b,/s3 rt)

“wgp = borizontal tail unit wcight (1b/sq ft) ’

g vertical taii unit weight (1b/usq ft) |

ULF - ultimste losd factor (g) ' "
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area {sq ft)

span (ft)

aspect ratio

sweepback angle at the quarter chord (deg)
root chord (ft)

tip chord (ft)

t moxizum airfoil thickness (ft)
t; = maximum root chord thickness (£t)
tp = maximm tip chord thickness (rt)

TRt 4
t, = effective airfoil thickness (rt) - ——

taper ratio CT/CR

span of quarter chord (ft)

1 UIL = ultirate tail lowd {1b)
' height (ft)
length (rt)
width {£4)

total load (ib)

{a constant)

5. Basic wt-i@;, E.-:ti.mti_.x_:ﬁ Formulas :

Jing weight.- The win: weight formula used is basically the
Martin Empirical formula rearranged to a convenient form for use in
estlating and optimization.
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.63

(ULF x DGW x S)

.63 .63
k) ULI x DGW x S
A 4 (oot -3 AC/& te
ar
AR (1 + )
" K2 B

cosAc/u (2;—3+

W

(‘,'T-)

v
The term (m .65 from the ahbove cquation can be

conveniently used as a weight factor in configuration optimization
studies in vhich this factor is plotted against varying aspect rstio,

sweep-bock, taper ratio, and airfoil thickness.

Empennage
Horizontal Tail

b, 3
umzxj["-g“x—gﬁ] + 1375
e
Ygp = Ygp * 5

Vertical Tail

b
__::[&] + 1.5

(&

R

UTL
“v-r"‘u['g"‘




THE GLENN L. MARTIN COMPANY CONRDENTIAL MODEL

BALTIMORE, MARYLAND ER. NO, 0602
PAGE B-13

i R T S . S S S A

4, Weight Derivatiou - Water-Based Airplane

Ying Group
ULF = 13 b = 331t
S = m 8qQ 't l\c/'h = ,‘5.
AR = AN t,r = 0.833 &%
g = 11.62 £t A = 0.667
Cp = T75 1 A(ta) =« 0,833 ft
DGW = 22,300 1lb K2 2 0.0033 (scatistically
detarmined)
.63
i, = 0.90% x K, AR x (1§ A) £ (ULF x DGW x )-8
(COSAC/L) Qgﬂ )\c—';
g g 06‘5
. .4 x (1 + 0.66
Wy = 0.90 x 0.0035 [ 0.707 (2 x 3.6’71 + 3.%57 X 0.1075) J
(13 x 22,300 x 320)°63
W, v 3,000 1b
N ;. Factor of G.4U o . oww o« o fficient type of wing ¢ nfigurntion.

yom——

-

~
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Wing Weignt
Wing Special Features
Leading Edge Flap (25 x 2 1b/sq f't)
Live Brake Provision (36 x 4 1b/sq 1)

Externsl Stores Provision

T4ip Ski Provision

Effect of Tip Ski Loads on Structure
Surface Control Prouvision

Anti-Ycing Provision (320 x 0.06 1b/sg ft)

Puel Provisions (5% x 0.09 1b/gal)

TOTAL

Tail Group
Harizontal Tail

= 79 sq £t
.92 £t
1,355 £t .
15.4 rt

21.% £

6 per cent

!
1,

UL Pegb |
K., l-ﬁ‘# x A= J « 1.575 0.0 %%
. o

w}

W

o dba g L

Q.55 iy
0.080 rt
0. %88

«5°

-

3,488 1b

46,000 x 1.5 - ©Y,000 1b

GO0 |

1 69,000
i

stutistically
determined)

RASRL

[ !': -
" | L AT
lﬁ—‘m ' * l R
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‘.-!HT = MHT x S

g = 8-15 1b/sq £t x 79 sq £t = E44 1b

Vertical Tail
S - 37 sq £t o.h8 1t

2.0 £t = 0.36 ft

Gy = 8.0 7t . 0.12 1t
Cp
b

7.h2 £o 6 per cent,

b 11.5 % 0.0528 (statistizally
¢/ determined)
Aoy 50° - 16,900 x 1.5 = 25,350 1b

=

- [T o ]

e

1
e - - %
«31.5 = 0.0528 [3—5%%5—9 "CH.%_,? + 1.5

= G.3 1b/gq ft

horizontal Tail
Vertical Tail

Fuseliage
L - = 4,07 Tt

Ko - 6.72 (statisticelly determ.ned)
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N I
Ragic Paselage Walght
W = K‘.,xL(w+n%)
. 6.72 x 52.0 (5.0 + b.67%) . 2,56 1b
Dive Brakes (15.3 x 10.0 1b/sg £%) 153
Rotery Bamb Door 365
Guns and Ammmition Provisica 50
Electronics Provision (0.06 x 697 1b) 42
Cadbin Pressurization Provision 50
Ski Provision 125
Exgine Insteilations Provision 100
Fuel Tank Provision (796 x 0.10 1b/gal) 80
Surface Contrels Provieion 30
Hydraulic apd Electrical Systems Provisiou 35
TOTAL 5,036 b
Landing Ski Group
Mein Tanding Ski
S (Main) = 20 sq It P = 14,000 1b
S {Hinge4} « 13 -q £t UlL¥F = 3.5¢
L = 11.0 1t Landing Gross Wt » Take-ofy (ross Wt
Less 0% Puel and Boabs
1 (Over-all) = &.33 ft
. (Basic Ski) = 2.0 ft Ko = 0.112 (statisticaliy determined}
Y (bastc sk1) = 5.8

PR
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L .
Wy = K6 {(ULF x g x %l-')‘a
= 012 (3.5 x lh}% x 5.B)£
= 10.4 1b/sqg £t
BmicSkiWeiaht-usxS-lO.hxmsmalb
Ainged Ski #t = We X Se7.0x13= a1 b
Mnin Ski 299 1ib
Forwa.d Strut (Rigid)
L=3%91f
Hsx Resuitant Remction = 21,700 1v
Strut Wedght « L x 13 Ib/ft = 70 1b
Aft Strut (Oleo)
L = 50 in.
Max Resultant Reaction = 50,400 1t
Strut Weight = L x 5.0 Ib/in. = 250 1b_
Strutg 120 1Y
Cpecating Mechanism (107 .t Retr) = 62 1b
3ki Folding Mechanima = 12 1b
HMechanism — 03 1b
Total Main Ski 695 1b

wing Tip Landing (kis

Tic Skis

5 = 13.% 8q 1t {each) Ur - 3.5¢

L - u.% 1t

R T N

Kg = 0.112 (statistically determined)

r— s a——
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W o= 2,11t
P = 7,600 1b
. P Ly
wg K¢ (Utr x g X w)
. ~ . OO ¥
= 0,12 (3.5 % S5 2
112 (3.5 = 153
= ‘;-5 lb/ﬂq‘ ft

SkiweightxusxS-S.}xlﬁ.:‘xa-2’&011)

Stxut

L

Ma. Resultant Reaction « 21,000 1lb

2

Strut Welght = L x 27.€ 1b/ft x 2 « ~ 110 1b

Operating Mechanisa (10% '/t Rety)

Total Tip Skis
Suminaryy :
Mainr Skis

Tip tkis

Total Skis

Surface Controlsa

Cockpic Cottrwin

Autcmotic Pllot (E-Q)

Systex Controls

Total

. 331

553 1b

362 1b

100
553

THE OLENN L. MARTIN COMPANY
BAMLYIMORE, MARYLAND

S A e e

1,056 1b

s
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Cow e

Enginc Section Grow

Fagliae Mount

Engine Tracks

Fire Walls and Shrouding
Engine Access Doors

Tension Bolt Splice for Removal
Provision for Anti-Icing

TOTA,

Propulsion Group

Engine with Aftertwner (1) GE XJT9
XL-2LA

Epgine Nose Fairing

Air Intake Duct ¥ in. x 1.0 1b/in.
+ 51

Afterburner Elanket

Generator Cooling Ducts

Zone II Cooling Ducts

Fuel Tanks {noa sclf-sesling, rip-rem

tyoe)
Fuse #1{2) 138 gal &
Puse #2(2; 68 ga) bl

Fuse #551 218 gal 37
Fuse M(1l) 166 gal 35

Fuel Trenster Pumps

Fuel Plumbing

Single Point Fueling Sys‘em

Air Refu=ling System (eml\uu.ng probe)
Water Irjection Systes. (30 gal

Engine Controls

Starte=-Preumstic (cxt power source)
Starter Ingtsllation

TOTAL

Fixed Equipment
Instrument Croup Tota®
Hydraalic Group Total

Slectrical System Total

wEBEEY

3,120
15

H-aWmF

85
192
&5
10

15

MODEL 3
ER. NO. 6602
PANE B-19

a1

5,354 1b

114 1b
&5 b
650 1b

e — —
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Electronics Group

AN/ARC-3% (Radic Set) 69 1b
AN/ARN-21 (TAC Omni - Ney.) 66
AN/APW-11A (Mark Beecom 51
AN/APS-54 (Tail Warning 15

o AR/AFX-19 (IFF 5T

E AR/APX-27 (DrP N

’ AK/APN-T2 (GPI 17
Break Avay Computer 12
Fire Contiml 316
Shelves Supports etc. 2 §

Armament Group

Pilots Protection 30 1b
Bomd and Rc.ket Release Syctes b

Blest Tunnels 15

TOTAL 595 1v

Furnishings 355 1b

Alr Conditioning 145 1t

Anti-Icing Growp 176 1
Total Fixed Equipment 3,305 1b

TOTAL WEIGHT EMPTY - WATER-BASED ATTACK AIRFLANE 17,075 1b

5. veight Derivation - Land-Based Attack Alvyicne

#ing Growp
~ater-Based Total Wing Weight 5,488 1
Adjustment made for local gear

provisions -6
Structural adjustsent to basiec wving
for removal of wing tip okis -85

Total Wing Grong 3, 3TT 1b
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Tail Grovp

(same as water-based version)

(i + Ké)

1
7.1 x 52.0 (5.0 + 4.67%) =

Difference in weight between water-
and land-based bagic fuselzge weights
calculated from stress evaluation of
regpective designs.

Dive Brakes (15.3 sq ft x 10.0 1b/sy f£t) 153 b
Rotary Bomb Dooxr 25
Landing Dreg Chute Provision 20
Guns and Ammmition Provision 50
Electronics Pruvision 42
Cabin Pressurization Provision 50
Lenling Gear Provision 150
Zngine Installation Provision 100
Fuel Tunk Provision 80
Surince Control Provision 30
Hyd. and Elec. System Provision 5%

Totel Fuselage weight

Land.iggb(}eu Group
Main Landing Gear (Aft)

Landing weight = normal gross weight

less 50% fuci and bombu = 22,454 1b
ULP = 4.0

= b5.5 1n. (¢ axle to top o1 oleo
extended)

22;5“)' x (200 Pt/sec)

x (3.2 t‘t/lec )

Landing Kinetic Energy =

- 14,003,000 ft-1b
Max Resultant Load - 45,050 1b
Brake Kinetic Energy (0.3 x landing k.e.) 11,202,000 ft-1b
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Structure

45.5 in. x 7.25 1b/in. 330 1b

Wheels (36 by 11) (2 x 59.5) 19

Brakes (11,202,000 x 0.00001k) 157

Tires (3o by 11) 1b ply 140

Tubes and air 25

Operatiun Mechanism 0.06 x 771 k6

TOTAL 817 v
Nose Landing Gear

Leugth Axle to ¢ Truanion 48 in.
Max Resultont Reaction 14,420 1b
Structure

48 in. x 1.75 1b/in. 84 1b

Wheels (20 by h.4) (2 x 13) 26

Tires (20 by k.%) 10 ply - 1

Tubes and air [

Steering Nechanice 2

Operating Mechsnism 0.10 x 158 16
TOTAL 17T 1b

wing Tip Landing Gear

Lergth Axle to § Truanion %% in,

Nax Reaction »,000 1b.

Structural Weight )

2 x 4+ in. x 1.0 lb/an. 88 v

Solid Rubber wWheel 12

Operetional Meckhanima 0.10 x 100 10
TOTAL 110 1b

Drag Jhute Installation

Parschute (18 ft dia) 21 1y

Release Unit 18
TOTAL 37 b
TOTAL 1,138 1b

TOTAL WEIGHT EMPTY - LAND-BASED ATTACK AIRPLANE 17,256 v
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6. _Structural Weight Adjustments for Carrier Basing

Certedn weigat penslities are associated with the carrier besing
of aircraft. These penalties stem from throe structural comaiderstions:

1} Arzesting loads and the mechanisa required for srvested
landings;

l

I

i

a 2) S:::pu;ft;ngﬂlondn and the provisicns for this Lype of
~-0o:Y’;

|

3) The higher landing loeds associaved with higher sinking
speeds and movement of the carrier.

Arvesting provisicns usually consist of a ook, smubber, re-

'. traciing and release mechanism, and the structure reqaired %o

distribute the loeds in the airplans (usuelly the aft fuseliage).
Arresting lcads of 3 to & g, depending on run-out length and en-
gaging specd, are developed. Considersble local atructurel bheef-up
is vsually required. The wuight penslty “isecciated wiith arrested .
landing is on the order of 0.6 to 0.9 per cent of the gross veight, v
of the aircraft. This penalty would epyly to either wheeled or v
lki-t}'pe mm-

Catapulting provisions usually consist of & pair or tittirgs
or hooks to take the forward and the down loads of & gand 2 g
respectively, and a third fitting that holds the aircraft in astart-
ing position until a predstermined catsapulting loed i3 attainad.
These fittings can urmlly be located close to primary styuciwe
and recult in £ negligible weight penaltly vhen expressed as a pore-
centags of gross weight. This same pepa'ty wvould appiy to doth
vheeled and ski-equipped aircraft. A problem wnigue with the
catapulting of the ski-equipped afircraft is the high fricticoal
loads beceause of the ski on the deck with the 2 g spplied ‘owm loed.
A modification to the carrier deck in the catepulting erea or some
forw of lubrication may be required to slieviate this condition.

Landing gear design criteria for carrier-based operation are
besed on a sinking gpeed of 17 feet per second a3 compared to 10
feet per seccond for norss) land-vased landings. Tt atrest impoeed
on the carrier gee> is thrve times ag great as the stress on the
jand -baaol gear.

These higher loads cause a weight pena’ty cof from 0.8 to 1.4
per cent of the gross weight of the airplane. Recent developmrite
in caryier design have resulted in the cunted deck concept, as
lastalled on the USS Antietan. This concept of a power-on wire
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engagement results in sinking speeds that are significantly lower
and may conceivably ipproach those of land-bssed ajrcraft. Loads

developed by ski-cquipped aircraft landing on water will be apprecis: .-

lower than loads developed by land-based aircraft. However, the al
creft selected for the comparison was cousidered to be panto-bascd
so thal luads comparable to land-bagsed aircraft would be developec
and shock absorbing devices would hove to be of the same capacity.

With this assusption, the penalty assoclated with carrier basing xk-u ¢

be approximately the same on ski-equipped as on land-based aircraf:
Studies have indicated that, uz in catapulting, higher airplaue irug
loads mey be davelnped in the carriev landing of a ski-equipped air
plape due to additiongl friction between gki and dack. The sclutic
may lie in some form of lubrication on the ski or carrier deck in t

landing aren.

From the foregoing, it can be ccacluded thet structural probles«s

associated with carrier landing of the ski-equipped aircraft in thi:
compsrison are simlilar to those of normal land-based aircraft.
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